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. 2 0CDt-Fti:^:&-^T#?S:«V FJc)g-a-r§o LfcA^oT. cine)«S^^ 
ttKf^^^W-r^o cnfi. fE}^x/j^^ 1 0 0%J;OTtf§?i]W^^o fEjM^A 
^^g3i{l:-ri>/c46tc. 4^-\'t:'-r'rcOfl5t^^^;l. ^0±fe^vHi^fcti. «Jg 

0 1 oii. *fi!0^^C'f^§±t|gt§iyx'rAc D F 9 0 ommmmmm^^^-r 

o CDF 9 0 Of*. 2*c7)a9?:^;^V F. /^X 9 0 2 .i: Fn -y 7" 9 0 4 . ^^T^ 



(26) 1*^200 1-50888 7 

tc^LTMJR-r^Ci:tcJ;D> i^M^- F (degenerate mode) ^ 

. M^r— F^DMS (decay) X(iiJ3^s^(dissipation rate);^)^ >'^X#r^;y'-f' 
Fi: Fn >y yaSjiSi^y-f F (bus and drop waveguides) tC:fc(/^TllK6^JC|Wl— T 

L/i*'«-QT. laSOC D F 3 0 0{i. F 3 1 4. 3 16. 3 18, 3 20 

OC D F 7 0 Oti. 7 1 Otc|^jg-ri)4-°X F cDff^^;^^MiT^cD^>>5: < 

i:'£,(.^-rn:^^^?*^-r^c:i:tcj;0«ji{bT#So fi?iJ^ti\ F 7 l 2fcJ;t; 
7 1 4{i. ^'^tr-r^'7 1 0 cJ:t» F — 'y ^ ^ U (photon 

iccrystal) cD^M/J^X F 7 0 8 <fc 0 fe;'^^ < ffM^T^ C i: A^T#§o fe^V^ii 
. ^^^IfT^^-^. F^DM^llJ^^^Oiff^rc{*WJ (Sxx-e^y^" : shavin 

g) LT. _hS0;^^^i5fV7'*>Fff^t'cC)4^XF^J^^-r§ckd«^t-^C^*>-e 

#§o ±^o:>^r)icmm'e~\itmm^if-'^-r^<mi ocDCDF9oo£D±t 

«gt§v/X7"A^f^iE-r§-j^Ji:LT. I^«^^9 0 8^, :5^|5|| (defects) 9 1 

$e^§P^6^'5:«m^Jc:j3l/>Tti. I^^TO^ (tunable) ^•^^.;l/Fn 



(27) 1#S200 1 -50888 7 

tfo'^Vt^o ^LT. mnft^n-^. m^^^r'JT^)J^ (charge-carrier effec 
t) , RlfDX-ty^(0^-f:tyit^E (fc:/cLCtie>ti:|5g6n*l/^) Ott?. 

^^)^?|J;6^^ Villeneuve et al., "Single-mode waveguide microcavity for fasto 
ptical switching". Optics Letters, Vol. 21, No. 24, 2017 (1996) tcggic^n 

T-^^o cn^T\ 2 0(D#^;9'-|' FtDja-a-S^^LT, '>:^ < t 2 OCDftSi 

^y§yfEjSliff^^;'^ (Lorentzian-shaped transfer lineshape) Xiii^:^^lla^A'^^ C 
fEjM (transfer) mmti^Wimm.mrLi6\^^X \ 0 0%Km\.. «tiMliS» 

mi&mit. "tcommicmm-t^^mnm (disorders) (otcubic^mmv^^o 

CtiicMl.. TM^Wii^ ay^-y h h >y y : flat-top) j JcS^M^^Wf 

mmt. ^mmm.m.t^ib\tf^r^<omnx. (50) " -eTO-r^o cct. 



(28) 1fg2 00 1 -50888 7 

ic^OMh^y^ (fall-offs) Tb'^g^^n^o 

mm^mT^^^^jv Fn >y y:7 yniw^-t^. z.^^(Dm&.\,t 

it-r§«jt*'«i^>STfe§o 01 ni> 2|s:|g0^tcJ;;|,«i5gt§i/XxACDF 1 1 0 
OfOMi8§:/p«y ^HT'^^o CDFi ioo«. XtiM'(ki^-< Y \ 102. tt};': 

F 1 1 0 Amsz.t\.ib(ow(ki^^ Fora^^a^^n. M^ottjg^-F 
>h^^t?>iMg*"5feSo m^^t\.^mx^^t. /^x^gp-y-^/xu^^M i osr 

t>'Fa^y:/^r|.g|5-t)->^x^p<>F 1 1 1 0:^Wt?.nTl.>§o ^^^'tl-T'xU^ > F 



(29) ^^2 00 1 -50 88 8 7 

(global) ^i3^^i*cD^»l4^|5l-rfe 

^^(0'prJ:c^ f^Z-OCDU — tiJl^—V. -r=&tD-^^ < ^ 1 -CXDfScD (even 
) D-;^?;^^- F^^>jS:< i:^> 1 OiD^© (odd) P-;^;l/*- F^3^^ L^&lt 
ntf^^^l/^o -ifu^KI^ (zero reflection) ^m^tcibic. (in^(D^—\^(D 

ne> 2 FcDi^ff^^(illMfl^tCfi?IL^ttnti">5:6^l^o C<Drclsb. Ctl 

-(DiM^m-DCtfj^Ji^'^n^o -7a> 2 0tX±©o-;?3;l/^-F7b^#&-r§^ 
-a-tcti, ^TCDfS<D^- F*^e)£DM^Ji'|iSOftl*^ i^T(D^^r— FA^^OMg^ 

Ji^.;b4^Wtom;±^A^6^ ^±^fEji>&t#^/c46tcti. 

F^ Fn«y:/#^;9V Ftc*5i/>T|5li;jgJgT'MS-r^ c t 

f i:tci; t)||?iT-^^o Fo -y :/air^;9V FiD|iIM7^I^Xti)M7afS](.^-rn*^^ 
(D-^[^fej^^tf 9fcA6tC(i. Fa>y-/2i}^^V F(i:i$M$nfc5^gPt^:^"Ji Up< 
>F (J-;^tt. Fn'y >^-9- pi >Fi:(¥^") fi. n-;<7;l/^^-¥ffl^WL. 



(30) 1#g2 00 1 -5088 8 7 

m^^-^n. mao;9v Ft- \^^\\st}mw.i^^^ xiimm^^^-c Ftc 

M^n— ^M^WL. C(D^'7— ¥®tcS>f brSi/^tciS*?\f^>cO^^^ 
< 2 00D~:^;l/±tJgt- F^j^^-r^So «Jgt- F«. XtimmiJ-( F<D 
}^7al^tc43i/^Tffl^S-r^:3>4-°-:7-.>'F^W1-§ia^. S*t^iiBc ^^l^o 
-^J^LT. g;'v:fBW±i^^0^ (maximum-flat line-shape) BMmWL^ 

: 

^'(M) = - J, (1) 

CilX% (Ooi<t^il^m\^WL. T \.tm.MU(D^1f^ (half maximum) Kl^l^f^^WiX 

01 2(i. i±*it§i/X-rAC D F 1 2 0 0 ©MBgyn «y ^lElT&^o C D F 1 
2 0 Ofi, XtiMTlkiS^ F 1 2 0 2. m;'3«i8^;^7V F l 2 0 4 SO' 2 oo^^gptl- 
:/aiUp<>F 1 2 0 8 1 2 1 0 3b^e)-li^^ti. l^gp-9-:/JiUp<^F^-^S^i/^ 



(31) 



^^2 0 0 1-50 8 88 7 



xtimm:^^^ 1 2 0 2icmm-$nrcv-yj^iy?^yh 1 2 0 Sit. i i, e 

even-odd>«. ^?^;^'-r FtcW^^ v-TOtcMLT^-efeO. #?S:^7V FJC 
□ -;d;Vt-Fii> iyXT-i:.(D@W4*C^li:MLT^r^ (expansion) A'^nJtl-e 




(2) 



[1 , o) = ( (even - odd)+ |odd - odd ) ) . 



(3) 



0) even-even 



— U) odd-even 



(4) 



CO even-odd 



— 0) odd-ood 



(5) 



T 



odd-even 



— T even-odd 



— T odd-odd 



= T 



(6) 



(32) i^fgZOO 1-50888 7 

(D even-even = 0) odd-odd = 0) 1 ( 7 ) 

£0 even-odd = £0 odd-even —0)2 ( 8 ) 

T even-even — T odd-even — T even-odd — T odd-odd = T C 9 ) 

mi^B(D^m^j: (maximum-flat) ) fsji^J^t^c^l^-rncDiy^ U :tti:*5(/>T t> 



3 a 



^ 0)1—0)2— =2T (10 
) 

$Km^^±icmi: (eliminate) ^ C tti'^X^ 

0) even-even — 0) odd-even — 0) even-odd ^ CO odd-ood C 1 1 ) 

T even-even ~ T odd-even ~ T even-odd ~ T odd-odd C 1 2 ) 

Tn^rji^mnm^TTs-^^mmx^^o coFisooti^ 2ooa»?^;^VF. 

XI 302i:Fn<y7'l 30 4>&Wr^"7:t h--y^^UX^;l/ 13 0 1 

„ -7:^ h--y^^^JX^J\y 1 3 0 U±. F 1 3 1 8tCj;-pTJf^ 

f^-^n^y^m^'^tLxmf^^nxi^^o ^HxFti, ¥»^o. 20a (at^is 



(33) i^SZOO 1 -50888 7 

Z-DODmi&iS^ KP^cDlg^gilfi. m^b^^ 1306. 1308. 13 

10. 13 1 2^ffMt-^4 0iD;;^^|5|| (point defects) 
A 1 3 0 3 T'^^o ^'\^^^ ti. fi?IJ^ti\ 4 OtD4^X h0^t$% 1 . 2 0 

ii?L$)§lHiMBS (contrasting) ij§m^^^Wr^=l5t*^tCct oT. :7;j- h->y 
M/h^+e-r-i'^. /^X+J-T'JiL^p^Vh 1314^ Fn >y y h 1 

liMO. □-;^;Wt:$n/'c« (monopole) m^^S^Jt-T^o -TTiclJiB^ L/c<i; 

:^7^r F^nfct-FfO^^^ h;l/k*^ k • d = n ;r + ;r/2 (dti^i?^^;^^ 
-TFiiTOT^I^tc^olt^^l^^Kgili. nfi^^) OM^^i^fc-lirtf. <inib(DM 

^WL. F$nrc^-F*'«^^tgMlr^tS(tC:|ol.^TO. 2 5a"'o»^^h 

VTs'^Mc^-^xm.mmicm^-^tix^.^^o ^m-^mm^i. mm:fs^ vicmm-^ji 

4?Xhl320, 1322. 1324. 1 3 2 6 * ifOjl^^tl/cn F^D^W 



(34) 1#a200 1 -508 88 7 

01 'iK7r^\.rcmm(Oy ^ )\^^m^it. m.'^^m^W^I^^ Cfinite-differenc 
e time-domain scheme) J: o TWt±l"e# §o — T^^D^J^^^V FJC/^;1/X*Me3^ 

^nr. ±ttimi^iBii-ro o-^^^t. c:np)(o«timi«jg^M^6^tc (expo 

nentially) FtcMSfSo MM'tS^:7-'Jx^i^-r^C i:tcj; 0. 



. m-m^m 1400 i:^-'!^**;^^ 1402 ^DWt'c^itafr^^jcaitL. ^- 
^m^i 4 0 4 i:^-^mii 4 0 eo^ff^t^cJcMLTtcn^iwiii-efe^o ^ 

h)\yilh%>\,cm\ Skh^^mi 5 Ctc^^tlTl/^So 01 5A;?}^e>01 5C 

ii.. ^n^ti. mi 30CDF 1 3 0 o(D^^xic:$5i>f^iRm-^nrcm^<D^^:^ 

^^F;K )i|S7a[S]Fn-y7°tc^nt§fKjl!$nfdS^cD?^Sx^^ h;l/. j&ai^T^ 
(^Fn-yytcfctt^fEiM^nfcfS^cD^^^X^^ F;l/^^-r^"^ ^'TfeSo ■fcjli 

t5(f^3fitCfc(/^TejM«0%tC|^T-r^ (01 5A) o lli7?fplFn'y:/Ji. cfJ^L^igl 
mmc^\^^rmi^m(D9 9%TSi<icmt^ mi SB) o }M7alB]Fn>y^(i:, {$ 

(^^^^ft^w?i^^LTi^§ (01 5c) o ejif^^ff^^ti^ mmic 

01 6ti. J^igf§>/X-rAcD7:i- F-'y^^U;^^;l/C D F 1 eooOTJO^J 



(35) i^az 00 1-5088 8 7 

^m^jinmrnm^Tn-t^mm-ci^^o c d f i e o ot*. -MmwL(Dmm^^-7. h 

1 6 0 3<Dff^^-r§7jJ^IS^Tfe§:7:j- 16 0 1 Vmf&'^n 

. /^X3»r^;9'-f' F 1 6 0 2RrS¥uy^mil&:^'^ K 1 6 0 4^Wr§o ^MMB 

doubly degenerate modes) (-T^tD-^IWI— ii^^^^-TS 2 0©^r- F) 

2 0(D4^^tf7^-i' 1 6 0 6, 1 6 0 8^ffM-r§ 2 00;^^P(S^#t?ttSg 

Igv'X-rA 1 6 0 5T-^§o ^i^^PfeO^'t'^L^ti. FtcM>&lfttcfM'& 
t)-ti:c?nTi/^'§)o e^T^^-fi, /^x+fyxUp<>F 1 6 1 0^Fn>yy-9-y 

xU^^h 1 6 1 2^g:^n^n<05^gp-9-yxU^>F^LTff^^Lri/^§o C(D 

1 6 0 6, 1 6 0 8li. 2 0(Dn«y FO^tl^O. 2 0a*''P)0. 

6 0a ti:t!i;;'c-r^c: iitCcfc OffM^n^o FCi. ^t- F(Dl^ff^t*ccr)ffl 

1 7 ±fcJgt5i^X-rAy* h:=.>y •;x^;l/C D F 1 7 0 0 OgiJcDf^iJ^ 

6^si5fimi^^-r¥®Ei-e^'5o CDF 1 7 0 oti. h i 7 

0 3*^e^§75rfl^*S^<:o:7;d- F-'y ^^ux^;n 7 0 1 -e^^^n. 

:^'-r F 1 7 0 2:&D>'n'yy^jS;^7V F 1 7 0 4^W-r^o *llfiSmitC*3V>T 
ti. 2 0(D»?^;9"'< FrHlcD^a-^g^fi. 2 0tD:^-V tTT^^ 1 7 0 6, 1 7 08^ 

mf^'r^2'D(D}^^m^^ts±^Mmi^7.7-i. 1 7 0 s-e^^o 

CDF 1 7 0 0i*2Oc0^gf5-9-:/xUp<>' h^gr^tJo If x-f 

ntD^l.gp-9-yxU^^F. -r^tJ-^^^X+J-^^xlx^Vh 1 7 1 O&OPFn^yy-tl- 



(36) ^S200 1 -50 88 8 7 

^^m^jimmmm^B-r^mmr'^^o cdf i soo^i. h 

1 8 0 3 (DBf^-t ^y^m^^V^^y ^ h::i-y^^UX^;H 8 0 1 T^ifiJc^n 
, F 1 8 0 2 RZf Fn «y ya»ifi^:^3V F 1 8 0 4 >&Wr^o ^^^MB 

m 

rj:^^m-mmm.^m-t^2'D(D^-v) ^^n'r^2-D(D^^^'r^ i 8 06 

.1 8 0 8%Bf7^-r^2-Z>(Of^Xm^^isnmmiy7.v-L. l 8 0 5T-fe§o J^X 
(i, #-cD3^gp-9-:/xUp< VF 1 8 1 O^ffMbTV^^o CCD#l3atC*3(/^T{i. 

CDF 1 8 0 0(Dff^t*;^cj;0. tf -r^- rH^(DFs1g^6^>5:ia-&lil?S:^m±^^n^ 

mi Qfi. nmmi^7.r-L.(Oy^ hr:>y ^>7UX^;l/C D F 1 9 0 OOBijO^iJ 

^m^mmmm^Tjk'r^mmv&^o c d f i 9 o oii. Mm^o:>mm'\^^°:^ f 

1 9 0 3CDJ^fiJt-r§73ff^*S^Tfe§7:t FX'y^^UX^;l/l 9 0 1 T'^i^^n 



(37) !^^2 00 1 -5088 8 7 

, j'^xmmiS-f K 1 9 0 2&t>' Kn 'y 7'^ig;9V F 1 9 0 4 ^WTSo *^SSi0 

stcfc(/>T(i. 2'D(Dmi&:f^'-f ^^^(Dm^mmiis ^n^emowimm^m^^ 

S^Jf-^^ 6 0CD4^-\' Id'-r-r 1 9 0 6. 1908. 1910, 1912, 1914 
.19 1 6^J^fig-r§6oM^|5iS^^ty±tJi^>'X-rA 1 9 0 5T^§o 

CDF 1 9 0 0«. 2oW0|5+)-:/xlx^>'F^-g-t?o ^-vlf-x-f 1 9 0 6S: 

O'l 9 0 8tc^D^g|3AX-9-:/j:L/^>'h 1 9 1 8A'^'?5^^L. ^^^If-r-f 1 9 1 
4.&t;i 9 1 6Jcd;D^g|5Fn<yy-9-yiiiU^> h i 9 2 O^'Jj^^-^^o ft'^^O 

2oco4^-\'ifxY 19 10. 191 2iimmmi&:^^-f h^cmu-^n-f^ m<D^^' 

1 9 2 2^Wr^C D F<D— fl^ij-efe^o CCD^-a-. F*3ai5-9-:/3iLx^ y hiD#&(i 

icum-r^uy i^comm.^^^mm-r^cticjfi'Ds ^^^-y-xw^ (Butter 

worth function) ^E(D^Om.m^mm^^m^^C tti^T^ ^^tc. y 
h- «y ^^UX^;l/tc4ott§jJ^X h 1 9 2 4, 1926, 1928, 1930^ 
0 2 0«. ^m^->:^'r2^(Dy:i- Fr:'y^>^iJX^;l/CDF 2 0 0 omWm 

^.m^j:mmnm^^s-t^mmv&^o c d f 2 o o ot*. ^mmm^m^^^-x h 

2 0 0 3coffM-r^73 0+s?-rfe-g)7;t h-'y^^ijXi5?;i/2 0 0 1 vmi^^n 

, /^Xlgjg^:^^ F 2 0 0 2 &0 FD ^y-fmi^iS-C F 2 0 0 4 ^mt^o ^MMB 
filtcjSl/^Tti. Z'DCOm'&iS^ y^mcD^-^mmi^t, 3 0<D4^^lf-r>f 2OO6. 
2 0 0 8. 2 0 1 0 ^mm-^^ 3 OCD^^)^|5(§^#t?i±«it§v^X-r A 2 0 0 5 Tfe 
i>o a»r^;9-'f FtcTO-r§fllltcrp^oTfitB^t)-l±$nTl>§ 

o ^■\'lf-7^f iiJ^— ©ng|5-t>-yxU^>h 2 0 1 2^?^^LTl^^o CCO^agtC 



(38) ItazOO 1 -5088 8 7 

h - >y 1; X^;I/tc4bnt^>1<X h 2 0 1 4, 2 0 1 6, 2 0 1 8, 2 0 2 ? 
0, 2 0 2 2, 2 0 2 A^ECDMiR-^nfcUy Y^^CDmm^m.. i^^-^. B^(D'P< 

^l?* L < F 2 0 1 6 SlO' 2 0 2 2 fffitDJj^X F 2 0 1 4 , 1 0 1 8 . -v 

2 0 2 0. 2 0 2 4 ^«^ofc77?*-e^M^n§o 
0 2 1 ti. tttStli/XT-AC D F 2 1 0 0 cDftfe W#cDitaW0S%^-r¥ffi 

0-efe§o CDF2 100-eti. y^h=.-J^^^)7.ii)\^l:m^'^n^Pmmiy 

7s7-h.2 1 0 i^^«*^3^^:6^e^§^«^D^-v^-^;w^x2 i o 2*3j;c; 

Fn'y7'2 1 0 4 F^i^fflf C(0CDF2 1 OOti:. m.mm9^^W 
ttti§§iVXT-i:.2 1 0 5{i. — OCOi^W^JUc 2 10 6, 2 10 Sti^hf^K>. ^ 

nh<Dmm^t^n^^n. mmmcmi^nrc-m(D's^2 i i o^m-r^o 
m^^\^^r. ^(Dmm^^^wr-t^ctic^o. mimmic-'D(D^m^2 i 
12, 2 11 4X2 116. 2 11 s^mxir^^ cnhcD^miBm. 



(39) i^g200 1-5088 8 7 

(O even-even ~ (O odd-even — (O even ( 1 3 ) 

60 even-odd = tt) odd-odd = CO odd ( 1 4 ) 

T even-even — T odd-even — T even-odd — T odd-odd — T ( 1 5 ) 

* * * * « 

T even-even ^ T odd-even ^ TP even-odd ~ TP odd-odd ^ T ( 1 6 ) 

(Oeven — 0) odd =2T (l 7) 

Fn>y/$n§^-V^-;H5[ii. M^§^^^-.;l/r^fD^jSOTPi (frequency sp 
acing) CDFinmrnmcomtlCi^Wr^Cti^K ^^^#lc^oTH^P.*^-e 

mK^-DX. feS53^SiJ-T;l/^7'lx>y (WDM) {g^P^cD-O^fctiMcDMI 



J 1=1 



FD«y7'#«S;^iV F^^^tclteiM^n. r;!t-:7j ( 
^^O) FrtT'*A.e>ffi»I^^tt^l.>m^ (unpe 

rturbed) icmn^n^o ±j£Lrcmil^^mm^ ti -XLs^mi^X . 
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feci; 2 2 BtCTj^-To 02 2 Afc<J;D^2 2 BCi. :t>'mi*3J:af;i-7mi«D^^ 

0 0(7)^ll^:/n>y ^I^T^^o 7>r;l/^ 2 2 0 K 2 2 O 2 

, y^uy-fm'^iS^ 2 2 0 4 wr^CDt^Om-^^JLly^iyh tLXmmt^ 

±t*gg§>'xxA2 2 0 6 ^>&^t?o mmmm^mM^m-r^umK 
tc^-r r;^>'j mii:^ 02 2 Bic^-r \'yiryj v^mtK^m^ ibti^o 

^ Fl^^$Ejll^n§o ^J^tDgfl^T\ 1112 2 Ate Fn>yy3S?g;9V Frttcfe'tt^ 

o 

^m^^nri/^^o Lfc^^oT. lS5g-a-*^5^l^iDttig{i^3^ (spoiled) tC^&O^ 

r:t7j fc<i;t; r:t>j toMmitcfc(/^T. f^&mcj^^m^m^i^mi&micm 
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n-±. ^SlR^i:MML/c:«^^i«/J^|5l^c^§^i■rT'fe^o ccovtmrHt. ^^im 

mm^-h'(Dmm.mmr—f\y (exponential tail) ^ilCfch^^ 

o 

u " = a • (c/n) ( 1 8) 

ccx\ aimm(DmmMx&o. cim^p^o^cDmmv^o. nitmffrm 

in in 

Q =a)/u ^ (19) 
q" =a)yv" ^ (2 0) 



(42) 



00 1-508887 



2 o-tD. + ivI'+ivi" 2 



CD 



(21) 



J. 

2 



.1 

in 2 



(22) 




P - 1 - -^^^ 



.1 



■IVq 



(24) 



tn ex In ex 

m-^mmn(Of&mMm^-$i^\ tcom^. (2 o ~ (24) tc*3i>Tye' 

n ex 

*s^xi^^>'hF^(7)iiMRjti*^i^(DM«*^;'c#v>o ^(21) Tti. m,m% 
mii^\\z.)5.'^<, (22) ~ (24) tj*. ;S*ffeci:a'fEaM{i^^*^ v 



(43) ?fS2 00 1 -508887 

mmic. Mnmt-\^ni^^t(Dm^. (^(19) ts^rj (2 0) ) icm-^^. 
nh(o^-xic^i^r!t^7.-^<7 hMt. (2 1) ~ (2 4) -e^^n^x^ 

^Uttl^V^^o ^J^ti\ Soref et al. , "Electrooptical Effects in Silicon" 
.IEEE J. Quantum Electron. , QE-23, 123 (1987) :tecJ;O^Bennett et a 1. , "Carrier- 1 
n duced Change in Refractive Index of InP, GaAs, and InCaAsP", IEEE J. Quant 
um Electron. .QE-26,113(1987)^#»i$nfc<. on^<7)ii573^«^C^|ffl LT 

)t¥e^^fcii«m6^lSjSB7b^#ffiL;&(/^0#. inmmii^ (empty) TfeO^ 



(44) ^g2 00 i-508887 

m^^^-^^im^mmt^7'^'^-C7.v$>^o ^ (2 o ~ (2 5) icme.n§ 

cfc^tC. mmiS-C VmXP]i^^ibn^mt}(DP\^ (fraction) It. «igtDF«9gP'l4 

xmmx^^o tt-f^cD-r^x (Dmrnnmic ^ :t yx^i-ymnmmm ^mm-r 
^ixt)Oic. ixmff^rj:mmmm^fj^\^xm^rj:mm^mj^^mm-r^o 

m-(ommBmtLx. mmx^Mm^. igi8tc^-r:7:t F^-^y^^^ux^ 
jv^^-m f u-yyy^ ji^mmicm^xn^o f n >y ji^mm 
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A highly efficient channel drop filter. The filter employs a coupling element including a resonator-system 
between two waveguides, which contains at least two resonant modes. The resonator-system includes 
one or more interacting resonant cavities which in addition to being coupled to the waveguides, can also 
be coupled directly among themselves and indirectly among themselves via the waveguides. Each 
component of the coupling element can be configured or adjusted individually. The geometry and/or 
dielectric constant/refractive index of the resonator-system are configured so that the frequencies and 
decay rates of the resonant modes are made to be substantially the same. The filter can achieve 100% 
signal transfer between the waveguides at certain frequencies, while completely prohibiting signal transfer 
at other frequencies. In exemplary embodiments, the filter is configured with photonic crystals. In 
accordance with alternative embodiments of the invention, the filter is configured as an absorption 
induced on/off switch and modulator. The switching action is achieved with either electrical or optical 
absorption. 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1 . It is Electromagnetic-Field Frequency Filter. Input Guided Wave Guide Which Transmits Signal with at 
Least One Frequency Containing at Least One Frequency of Choice, output guided wave guide While being 
prepared between said input guided wave guide and an output guided wave guide and transmitting said at 
least one frequency of choice to said output guided wave guide Photograph nick crystal resonator system 
which enables transmission of the non-wishing frequency which passes along said input guided wave guide 
Electromagnetic-field frequency filter which it has. 

2. In filter according to claim 1 Said photograph nick crystal resonator system is an electromagnetic-field 
frequency filter containing at least two single mode cavities. 

3. In filter according to claim 1 Said photograph nick crystal resonator system is an electromagnetic-field 
frequency filter containing a cavity with at least one double degeneracy mode. 

4. In filter according to claim 1 Said photograph nick crystal resonator system is an electromagnetic-field 
frequency filter including the periodic dielectric structure of having at least one defect which specifies at 
least one cavity. 

5. In filter according to claim 1 Said photograph nick crystal resonator system and said guided wave guide 
are an electromagnetic-field frequency filter currently united with single photograph nick crystal. 

6. It is Electromagnetic-Field Frequency Filter, Input Guided Wave Guide Which Transmits Signal with at 
Least One Frequency Containing at Least One Frequency of Choice, output guided wave guide While being 
prepared between said input guided wave guide and an output guided wave guide and transmitting said at 
least one frequency of choice to said output guided wave guide Photograph nick crystal resonator system 
which enables transmission of the non-wishing frequency which passes along said input guided wave guide 
It contains. Said photograph nick resonator system The electromagnetic-field frequency filter which is 
together put so that it may make it possible for it to be mutually opposite, and to be in at least two resonator 
modes of the symmetry, to prevent that said frequency of choice of said signal is transmitted in said input 
guided wave guide, and to be transmitted in said output guided wave guide and which ******. 

7. In filter according to claim 6 Said resonator system is an electromagnetic-field frequency filter constituted 
so that said at least two resonator modes may have the same frequency substantially. 

8. In filter according to claim 7 Said resonator system is an electromagnetic-field frequency filter constituted 
so that at least two resonator modes may have the same energy dissipation rate substantially during said 
guided wave guide. 

9. In filter according to claim 6 Said resonator system is an electromagnetic-field frequency filter constituted 
so that at least two resonator modes may have the same energy dissipation rate substantially during said 
guided wave guide. 

10. In a filter according to claim 6 Said resonator system is an electromagnetic-field frequency filter which 
consists of changing a gestalt. 

1 1 . In a filter according to claim 6 Said resonator system is an electromagnetic-field frequency filter 
constituted by modification of a refractive index. 

12. In a filter according to claim 9 Said at least two resonator modes are the electromagnetic-field frequency 
filters containing ******** mode and ******** mode. 

13. In a filter according to claim 12 Said at least two resonator modes are electromagnetic-field frequency 
filters which have turned to each of said input and an output guided wave guide, and disappear at the same 
energy dissipation rate substantially. 

14. In a filter according to claim 12 Each parity resonator mode is an electromagnetic-field frequency filter 
which disappears at the same energy dissipation rate substantially in each of said input and an output guided 

http://www4.ipdl. ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.g... 7/5/2006 



JP,2001-508887,A [CLAIMS] 



Page 2 of 5 



wave guide. 

15. In a filter according to claim 12 Said parity resonator mode is an electromagnetic-field fi*equency filter 
together put so that it may be prevented that the fi-equency of said request is transmitted for a signal in said 
input guided wave guide and it may be mutually made possible in said output guided wave guide. 

16. In a filter according to claim 15 Said parity resonator mode is an electromagnetic-field fi-equency filter 
with which a signal is together put mutually so that reflection to the input guided wave guide of the 
resonance state may be canceled. 

17. In a filter according to claim 15 Said parity resonator mode is an electromagnetic-field fi*equency filter 
together put in order to generate said fi-equency of choice, and to decrease in the predetermined direction of 
said output guided wave guide. 

18. In a filter according to claim 17 Said parity resonator mode is an electromagnetic-field fi-equency filter 
each other together put so that it may cancel towards the opposite direction of said output guided wave 
guide. 

19. In a filter according to claim 6 Said resonator system is an electromagnetic-field fi-equency filter which 
specifies only two resonator modes. 

20. It is Electromagnetic-Field Frequency Filter. Input Guided Wave Guide Which Transmits Signal with at 
Least One Frequency Containing at Least One Frequency of Choice, output guided wave guide While being 
prepared between said input guided wave guide and an output guided wave guide and transmitting said at 
least one fi-equency of choice to said output guided wave guide Photograph nick crystal resonator system 
which enables transmission of the non-wishing frequency through said input guided wave guide It has. Said 
resonator system At least one external subelement combined with said input guided wave guide is included. 
Said at least one external subelement Said resonator mode is an electromagnetic-field fi"equency filter which 
has the component canceled [ in / have a perpendicular local mirror flat surface to a guided wave guide, 
specify symmetrical opposite resonator mode to at least two mirror flat surfaces, and / the hard flow of said 
input guided wave guide ]. 

21. In a filter according to claim 20 Said resonator system is an electromagnetic-field fi*equency filter 
containing the 2nd external subelement combined with said output guided wave guide. 

22. In a filter according to claim 20 Said resonator system is an electromagnetic-field frequency filter which 
has the internal resonance subelement which is combined with other resonance and is not directly combined 
with said guided wave guide. 

23. It is Electromagnetic-Field Frequency Filter. Input Guided Wave Guide Which Transmits Signal with at 
Least One Frequency Containing at Least One Frequency of Choice, output guided wave guide While being 
prepared between said input guided wave guide and an output guided wave guide and transmitting 
alternatively said at least one fi-equency of choice to said output guided wave guide Transmission of the 
non-wishing fi-equency which answers the internal damping rate of at least one resonator of a resonator 
system, and minds said input guided wave guide is enabled. Said resonator system When an alternative 
transfer takes place, it is mutually opposite and is in at least two resonator modes of the symmetry. The 
electromagnetic-field fi-equency filter which is together put so that it may make it possible to prevent that 
said fi-equency of choice of said signal is transmitted in said input guided wave guide, and to be transmitted 
in said output guided wave guide and which ******. 

24. In a filter according to claim 23 Said resonator system is an electromagnetic-field fi-equency filter 
constituted so that said at least two resonator modes may have the same energy dissipation rate substantially 
towards a guided wave guide. 

25. In a filter according to claim 23 Said resonator system is an electromagnetic-field fi-equency filter 
constituted so that said at least two resonator modes may have the same frequency substantially. 

26. In a filter according to claim 25 Said resonator system is an electromagnetic-field fi-equency filter 
constituted so that said at least two resonator modes may have the same energy dissipation rate substantially 
towards a guided wave guide. 

27. In a filter according to claim 23 Said resonator system is an electromagnetic-field fi-equency filter 
constituted by change of a gestalt. 

28. In a filter according to claim 23 Said resonator system is an electromagnetic-field fi-equency filter 
constituted by modification of a refi"active index. 

29. In a filter according to claim 24 Said at least two resonator modes are the electromagnetic-field 
frequency filters containing ******** mode and ******** mode. 

30. In a filter according to claim 24 Said at least two resonator modes are electromagnetic-field fi-equency 
filters which disappear at the same energy dissipation rate substantially towards each of said input and an 
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output guided wave guide. 

3 1 . In a filter according to claim 29 Said at least two resonator modes are electromagnetic-field fi:'equency 
filters which disappear at the same energy dissipation rate substantially towards each of said input and an 
output guided wave guide. 

32. In a filter according to claim 29 Said parity resonator mode is an electromagnetic-field fi-equency filter 
together put so that it may be prevented that the fi-equency of said request is transmitted in said input guided 
wave guide and it may be mutually made possible in said output guided wave guide. 

33. In a filter according to claim 32 Said parity resonator mode is an electromagnetic-field fi-equency filter 
with which a signal is together put mutually so that reflection to the input guided wave guide of the 
resonance state may be canceled. 

34. In a filter according to claim 32 Said parity resonator mode is an electromagnetic-field fi*equency filter 
together put in order to generate said fi-equency of choice, and to decrease in a predetermined direction 
towards said output guided wave guide. 

35. In a filter according to claim 32 Said parity resonator mode is an electromagnetic-field fi-equency filter 
each other together put so that it may cancel in the opposite direction of said output guided wave guide. 

36. In a filter according to claim 26 Said resonator system is an electromagnetic-field fi-equency filter which 

specifies only two resonator modes. 

37. In a filter according to claim 23 Said internal damping rate of said at least one resonator is an 
electromagnetic-field fi-equency filter which changes by changing the absorption property of said resonator 
system. 

38. In a filter according to claim 23 Said intemal damping rate of said at least one resonator is an electric 
and optical electromagnetic-field fi-equency filter which changes mechanically again. 

39. In a filter according to claim 23 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said intemal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that the alternative switching to 
one in four ports of said frequency of choice may be offered. 

40. In a filter according to claim 23 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said intemal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that division altemative [ in four 
ports of said frequency of choice / two ] may be offered. 

41 . In a filter according to claim 23 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said intemal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that time amount change 
switching altemative [ in four ports of said frequency of choice / one ] may be offered appropriately. 

42. In a filter according to claim 23 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said intemal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that division altemative [ in four 
ports of said frequency of choice / two ] may be offered and altemative time amount change switching may 
be offered appropriately. 

43. It is Electromagnetic-Field Frequency Filter. Input Guided Wave Guide Which Transmits Signal with at 
Least One Frequency Containing at Least One Frequency of Choice, output guided wave guide While being 
prepared between said input guided wave guide and an output guided wave guide and transmitting 
alternatively said at least one frequency of choice to said output guided wave guide Transmission of the 
non-wishing frequency which answers the intemal damping rate of at least one resonator of a resonator 
system, and minds said input guided wave guide is enabled. Said resonator system It has said at least one 
external subelement combined with said input guided wave guide. Said at least one external subelement It 
has a local mirror flat surface perpendicular to said guided wave guide. Said external subelement The 
electromagnetic-field frequency filter constituted so that it may have the resonator mode of the symmetry 
about said at least two mirror flat surfaces and may have the component by which said resonator mode is 
canceled in the retreat direction of an input guided wave guide when said altemative transfer takes place. 

44. In a filter according to claim 43 Said resonator system is an electromagnetic-field frequency filter 
containing the 2nd external, subelement combined with said output guided wave guide. 

45. A filter according to claim 43 is. Said resonator system is an electromagnetic-field frequency filter 
which has the intemal resonance subelement which is combined with other resonance and is not directly 
combined with said guided wave guide. 

46. In a filter according to claim 43 Said intemal damping rate of said at least one resonator is an 
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electromagnetic-field frequency filter which changes by changing the absorption property of said resonator 
system. 

47. In a filter according to claim 43 Said internal damping rate of said at least one resonator is an electric 
and optical electromagnetic-field fi*equency filter which changes mechanically again. 

48. In a filter according to claim 43 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said internal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that the alternative switching to 
one in four ports of said frequency of choice may be offered. 

49. In a filter according to claim 43 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said internal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that division alternative [ in four 
ports of said frequency of choice / two ] may be offered. 

50. In a filter according to claim 43 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said internal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that time amount change 
switching alternative [ in four ports of said frequency of choice / one ] may be offered appropriately. 

51 . In a filter according to claim 43 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said internal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that division alternative [ in four 
ports of said frequency of choice / two ] may be offered and alternative time amount change switching may 
be offered appropriately. 

52. It is Electromagnetic-Field Frequency Filter. Input Guided Wave Guide Which Transmits Signal with at 
Least One Frequency Containing at Least One Frequency of Choice, output guided wave guide It is 
prepared between said input guided wave guide and an output guided wave guide. [ whether said at least one 
frequency of choice is transmitted to said output guided wave guide, and ] Photograph nick crystal resonator 
system which answers change of said resonator system of the attenuation rate of at least one resonator, and 
performs alternatively whether the non- wishing frequency which passes said input guided wave guide is 
transmitted Electromagnetic-field frequency filter which it has. 

53. In a filter according to claim 52 Said photograph nick crystal resonator system is an electromagnetic- 
field frequency filter containing at least two single mode cavities. 

54. In a filter according to claim 52 Said photograph nick crystal resonator system is an electromagnetic- 
field frequency filter containing the cavity in at least one double degeneracy mode. 

55. In a filter according to claim 52 Said photograph nick crystal resonator system is an electromagnetic- 
field frequency filter including the periodic dielectric structure of having at least one defect in which at least 
one cavity is specified. 

56. In a filter according to claim 52 Said photograph nick crystal resonator system and said guided wave 
guide are an electromagnetic-field frequency filter currently united with single photograph nick crystal. 

57. In a filter according to claim 52 Said internal damping rate of said at least one resonator is an 
electromagnetic-field frequency filter which changes by changing the absorption property of said resonator 
system. 

58. In a filter according to claim 52 Said intemal damping rate of said at least one resonator is an electric 
and optical electromagnetic-field frequency filter which changes mechanically again. 

59. In a filter according to claim 52 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said intemal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that the alternative switching to 
one in four ports of said frequency of choice may be offered. 

60. In a filter according to claim 52 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said intemal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that division alternative [ in four 
ports of said frequency of choice / two ] may be offered. 

61 . In a filter according to claim 52 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said intemal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that time amount change 
switching alternative [ in four ports of said frequency of choice / one ] may be offered appropriately. 

62. In a filter according to claim 52 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said intemal damping rate of said at least 
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one resonator is an electromagnetic-field frequency filter which changes so that division alternative [ in four 
ports of said firequency of choice / two ] may be offered and alternative time amount change switching may 
be offered appropriately. 

63. It is Electromagnetic-Field Frequency Filter. Guided Wave Guide Which Accepts Signal with at Least 
One Frequency Which Has Input Port and Output Port and Contains at Least One Frequency of Choice, It 
unites with the guided wave guide between said input port and an output port. Said resonator system At least 
one resonator mode is specified. Said resonator system is an electromagnetic-field fi-equency filter which 
operates so that change of said resonator system of the internal damping rate of at least one resonator may 
be answered and the fi*equency of choice may be alternatively transmitted to said output port. 

64. In a filter according to claim 63 Said internal damping rate of said at least one resonator is an 
electromagnetic-field fi-equency filter which changes by changing the absorption property of said resonator 
system. 

65. In a filter according to claim 63 Said internal damping rate of said at least one resonator is an electric 
and optical electromagnetic-field ft-equency filter which changes mechanically again. 

66. In a filter according to claim 63 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said internal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that the alternative switching to 
one in four ports of said frequency of choice may be offered. 

67. In a filter according to claim 63 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said internal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that division alternative [ in four 
ports of said frequency of choice / two ] may be offered. 

68. In a filter according to claim 63 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said internal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that time amount change 
switching alternative [ in four ports of said frequency of choice / one ] may be offered appropriately. 

69. In a filter according to claim 63 Said input guided wave guide has input port and an output port. Said 
output guided wave guide has an advance port and a retreat port. Said internal damping rate of said at least 
one resonator is an electromagnetic-field frequency filter which changes so that division alternative [ in four 
ports of said frequency of choice / two ] may be offered and alternative time amount change switching may 
be offered appropriately. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

It has absorption induction ON / off change, and a modulation. Efficient channel drop filter This invention is 
National. Science It was carried out by obtaining government assistance under authorization number 
94003 34-DMR given by Foundation. 
The government has a suitable right in this invention. 

Background of invention Especially this invention relates to an efficient resonator system channel drop filter 
about a channel drop filter. In the gestalt of operation, a FOTONIKKUKURISUTARU channel drop filter 

(photonic crystal channel drop filters) is offered. 

The interest about a photograph nick integrated circuit (PIC) has increased. All optical-fiber networks came 
to be increasingly used as backbone of a global communication system. These have a large place based on 
offering optical transmission (transmission) bandwidth with the dielectric very large matter. This makes 
demand of wanting to use the usable light pattern region whole region practical grow. In order to increase 
synthetic transmission band width of face, generally it is suitable to pack closely, the spacing, i.e., the 
optical data channel, of the optical data stream transmitted to coincidence, and to enable it to correspond to 
many channels more. That is, it is suitable to make the wavelength difference between two adjoining 
channels into the minimum. 

A channel drop filter (CDF) accesses one channel of a wavelength division multiplex (WDM) signal, and 
does not block other channels. This filter is PIC and the important component of an optical transmission 
system. It is interesting to use a resonance filter for a channel drop also in various equipments introduced 
recently. This is because a resonance filter can be used potentially, in order to choose a single channel with 
very narrow width of face. Drawing 1 is the outline block diagram of the resonator system CDF 10. In this 
drawing, drop 14** is connected with the guided wave guide (waveguide) of two, and a bus 12 through the 
resonator system 16 which has one or more resonance cavities. A bus 12 has input port and an output port, 
and a drop 14 has a forward direction port (forward port) and a hard flow port (backward port). While a 
WDM signal (that is, the number signal of multifrequencies) spreads the one interior of a guided wave guide 
(bus), a single mode is transmitted in the forward direction or the hard flow propagation direction fi-om a bus 
to other guided wave guides (drop) (transfer). On the other hand, the cross talk during a BASU drop is 
completely prevented to other perimeter wave numbers. 

In this contractor, it is the purpose explaining this invention and, probably, it turns out that a channel drop 
filter can transmit a channel to other guided wave guides fi-om a 1 guided-wave guide, i.e., it is a filter which 
drops a channel with a drop from a bus, or can add the channel from a drop to a bus. 
The engine performance of CDF is decided by transfer efficiency during the guided wave guide of two. 
Perfect effectiveness corresponds to the condition of being the forward direction or hard flow and 
transmitting the selected channel to a drop 100%. At this time, there is a transfer to a bus or no hard flow 
reflection. All other channels should not be influenced by existence of an optical resonator. 
Furthermore, it is also desirable to obtain ON/OFF change function in CDF. That is, it is desirable for a 
transfer of a frequency channel to be changed. In the state of "ON", a frequency channel is completely 
transmitted to a drop guided wave guide from a bus, and it is ideal that it is in a bus guided wave guide in 
the condition that a frequency channel is not blocked in the state of "OFF." It is possible using a frequency 
tuning device to realize such ON / an off fimction. However, in order to turn off equipment, the resonance 
frequency of a joint element must shift out of the perimeter wave number range of a signal. The inclination 
to require big change power has such a frequency shift, and it is not so practical. 

Therefore, the purpose of this invention is realizing desired ON / off fiinction using the absorption induction 
(absorption-induced) change effectiveness. 
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Indication of invention This invention offers an efficient channel drop filter. The joint element containing 
the resonator system formed between the guided wave guides of two is used for this filter. This resonator 
system contains at least two resonance modes. This resonator system has one or more interaction resonance 
cavities. In addition to connecting with a guided wave guide, these cavities are indirectly connectable 
through direct or a guided wave guide also among these selves, the component of a joint element — an 
individual exception — **** — being certain — it can be and can adjust, the joint structure of a resonator 
system — and ~ or ~ or when absorption is not induced inside a resonator system, a dielectric 
constant/refi-active index is formed so that the fi-equency and attenuation factor of resonance mode may 
become the same substantially. While this filter can perform 100% of signal transfer between guided wave 
guides in a certain fi^equency, it prevents the signal transmission in other fi-equencies completely. In the 
gestalt of operation, this filter is formed using photograph nick crystal. 

According to the gestalt of another operation concerning this invention, the channel drop filter equipment 
which has the linearity-like (straight-sidewall lineshape) property of a straight-line side attachment wall is 
offered at the flat top. This linearity-like property combines a guided wave guide using some resonance 
fi-equency, is devising relative location attachment of [ other than the fi-equency of each resonance ], and is 
realized. If much resonance is used, it will also become possible to devise an optical switch. These 
equipments can change a signal between the forward direction, hard flow, or a fiill transfer and a zero 
transfer. 

Therefore, an electromagnetic-field frequency filter is offered in the gestalt of the 1 operation concerning 
this invention. This filter includes an input guided wave guide and an output guided wave guide. An input 
guided wave guide carries the signal which has two or more modes containing desired guide mode. A 
resonator system is connected between an input guided wave guide and an output guided wave guide, and 
desired induction (guided) mode is transmitted to an output guided wave guide, and it enables it to transmit 
a residual frequency through an input guided wave guide (an input guided wave guide is passed for a 
residual frequency). 

A resonator system specifies at least two face to face symmetrical (it is opposite exactly) local resonance 
modes to a mirror flat surface including the external sub element connected with an input guided wave 
guide, and the external sub element which has a perpendicular local mirror flat surface to a guided wave 
guide. This resonance mode contains the component (component) which becomes an invalid in the hard 
flow of an input guided wave guide (it cancels). ' 
In the gestalt of still more nearly another operation concerning this invention, the channel drop 'filter which 
has ON / off change function is offered. This change is realized by building into a joint element the matter 
which has the absorption property which can be adjusted. If the matter which can be adjusted shows the 
minimum absorption, the target frequency channel will be completely transmitted to a drop guided wave 
guide from a bus guided wave guide. On the other hand, when this matter shows the maximum absorption, a 
frequency channel is not transmitted but remains in the condition of not being blocked in a bus guided wave 
guide.. This change actuation is easily realized with either an electric means or an optical means. 
Easy explanation of a drawing Drawing 1 is the outline block diagram showing the common resonator 
system CDF. 

Drawing 2 A and drawing 2 B are the schematic diagrams of a profile plot showing the resonance system 
which supports the two resonance state by the resonance mode field pattern in the CDF structure of having 
perpendicular mirror flat-surface symmetric property to a guided wave guide, whether two interaction 
cavities which support unipolar mode are used, respectively, or one cavity which supports KUSAPORU 
mode (doubly degenerate hexapole mode) to duplex degeneracy (support) is used. 
Drawing 3 is the top view showing an example of the resonator system photograph nick crystal CDF 
concerning this invention. 

Drawing 4 is the schematic diagram of the physical characteristic device for the channel drop in the typical 
filter which has the resonator system which supports 1 ** and 1 ****** mode. 
Drawing 5 is the graph of ** for CDF shown in drawing 3 , and the frequency spectrum of an odd 
symmetric mode. 

Drawin g 6 A - drawing 6 C is a graph which shows the spectrum of a signal [ in / respectively / a transfer 
signal, the forward direction, and a hard flow drop ] of CDF shown in drawing 3 . 

Drawin g 7 shows the electric-field pattern computed in the resonance frequency of CDF shown in drawing 
3 . 

Drawing 8 is the top view showing another example of the resonator system photograph nick crystal CDF 
concerning this invention. 
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Drawing 9 shows the electric-field pattern with which the mode of the resonator system of CDF shown in 
drawing 8 was computed. 

Drawing 10 is the top view showing another example of the resonator system CDF concerning this 
invention. 

Drawing 1 1 is an outline block diagram of CDF with which a joint element consists of an external sub 
element and an internal sub element. 

Drawing 12 is the outline block diagram of the resonator system CDF which has two external sub elements. 
Drawing 1 3 is the top view showing an example of the resonator system photograph nick crystal CDF which 
has four point defects concerning this invention. 

Drawing 14 is the graph of the fi-equency spectrum of a **-*♦ [ which is shown in drawing 13 / for CDF ], 

and **-odd symmetric mode. 
For drawing 1 5 A - drawing 1 5 C, CDF shown in drawing 13 is a transmission signal in a bus, respectively. 
It is drawing showing the brightness spectrum of the transmission signal under forward direction drop, and 

the transmission signal under hard flow drop. 

Drawing 16 is the top view showing the example of the resonator system photograph nick crystal CDF 
which has two point defects which aligned perpendicularly to the related guided wave guide. 
Drawin g 17 is the top view showing the example of the resonator system photograph nick crystal CDF 
which has two point defects which have not global symmetric property but local symmetric property. 
Drawing 18 is the top view showing the example of the resonator system photograph nick crystal CDF 
which has two point defects which aligned in parallel to the related guided wave guide. 
Drawing 19 is the top view showing the example of the resonator system photograph nick crystal CDF 
which has six point defects. 

Drawing 20 is the top view showing the example of the resonator system photograph nick crystal CDF 
which has three cavities. 

Drawing 2 1 is the top view showing another example of the resonator system CDF which used the 
conventional channel guided wave guide which has the photograph nick crystal which has four minute 
cavities. 

Drawing 22 A and drawing 22 B are the functional block diagrams of the channel drop filter using an 
absorption induction change device showing "ON" condition and "OFF" condition, respectively. 
Drawing 23 A and drawing 23 B are each, fi-ont views, and sectional views which met the line 23-23 of the 
photograph nick crystal resonator system switch / modulator CDF using an electrode, in order to induce 
absorption. 

Drawing 24 A and drawing 24 B are drawings in which the switch/modulator shown in drawing 23 A and 
drawing 23 B, respectively show normalization transmission and transfer spectrum of "ON" condition. 
Drawing 25 A and drawing 25 B are drawings in which the switch/modulator shown in drawing 23 A and 
drawing 23 B show normalization transmission and transfer spectrum of "OFF" condition. 
Drawing 26 is the sectional view showing the example of the resonator system switch / modulator CDF by 
which absorption is induced through an optical fiber. 

Drawing 27 A and drawing 27 B are the front views and sectional views which met the line 27-27 of the 
example of the resonator system switch / modulator CDF using an electrode, in order to induce absorption. 
Drawing 28 is the top view showing the example of the photograph nick crystal resonator system switch / 
modulator CDF which has three cavities. 

Drawin g 29 A and drawing 29 B are the front views and sectional views which met the line 29-29 of an 
example of a guided wave guide switch / modulator. 

Drawing 30 A and drawing 30 B are drawings showing normalization reflection of "ON" condition of a 

switch modulator shown in drawing 29 A and drawing 29 B, and transmission spectrum. 

Drawing 3 1 A and drawing 3 1 B are drawings showing normalization reflection of "OFF" condition of a 

switch modulator shown in drawing 29 A and drawing 29 B, and transmission spectrum. 

The best gestalt for inventing This invention offers the design of the resonator system CDF which realizes 

the maximum transfer efficiency (the basic property). CDF which starts this invention for clear-izing 

explains the gestalt of operation including dropping a chaimel with a drop from a bus. In this contractor, it 

turns out that CDF concerning this invention fiinctions similarly and a channel is transmitted to other guided 

wave guides from the 1 guided-wave guide of arbitration. 

This design is due to precise symmetric property and analysis by count. The joint element prepared between 
the guided wave guides of two is used for CDF concerning this invention. This has at least two resonance 
modes. A resonator system has one or more interaction resonance cavities. In addition to connecting with a 
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guided wave guide, these cavities can be indirectly connected through direct or a guided wave guide also 
among these selves, each component of a joint element ~ an individual exception — **** being certain — 
it can be and can adjust, the joint structure of a resonator system — and — or ~ or a dielectric 
constant/refractive index is formed so that the frequency and attenuation factor (decay rate) of resonance 
mode may become the same substantially. The aforementioned property is characteristic when absorption is 
not induced within a resonator system. 

100% of transfer efficiency can be attained in the example of the photograph nick crystal CDF etc. The 
gestalt of the operation using photograph nick crystal which combined the photograph nick crystal resonator 
system and the conventional guided wave guide while introducing the gestalt of two operations is 
introduced. Moreover, the gestalt of the implementation which modulates CDF using nonlinear material is 
also introduced. Furthermore, the gestalt of the operation which performs ON/OFF change and adjustment 
of CDF is also explained using an absorption effect. 

The general CDF configuration 10 shown in introduction and drawing 1 must be considered, and a basic 
property required in order to attain 1 00% of transfer efficiency must be determined. In resonance frequency, 
the induction (guided rguided) mode in the bus guided wave guide 12 excites the mode of the resonator 
system 16 (excitation: excite). Then, resonator system mode is decreased towards the both sides of the bus 
guided wave guide 1 2 and the drop guided wave guide 1 4. 

The transmitted signal (signal which passes along a bus guided wave guide) consists of an input signal and a 
signal resulting from attenuation of resonator system mode. By forming a resonator system appropriately, 
these signals are made to interfere mutually destructively and can be canceled. Consequently, it becomes 
zero transmission needed. On the other hand, a reflective signal originates in attenuation of resonator system 
mode extensively. In order to realize perfect transfer (transmission during guided wave guide) effectiveness, 
a resonator system is formed so that a resonator system signal may not decline in the hard flow in a bus. 
In order to realize zero transmission and zero reflection, the configuration which has the face to face 
symmetrical mode is required. The configuration shown in drawing 1 has perpendicular mirror flat-surface 
symmetric property to a guided wave guide, and the case where a resonator system supports the two 
resonance state is considered. One of the two resonance state is********, this electromagnetic field are 
shown by |even> to a mirror flat surface, another is******** and this electromagnetic field are shown by 
|odd>. The example of ** and an even state is shown in drawing 2 A and drawing 2 B. These drawings are 
schematic diagrams showing the profile plot of the resonator system which considers whether one cavity 
which supports duplex degeneracy hexapole (six poles) mode (doubly degene rate hexapole mode), 
respectively, using two interaction cavities which support unipolar mode (support) is used as the resonance 
mode field pattern in the CDF configuration which has perpendicular mirror flat-surface symmetric property 
to a guided wave guide, and supports the two resonance state. 

Drawing 2 A shows ** 200 of a configuration of having two connected cavities which support unipolar 
mode, and a ** 202 field pattern. Drawin g 2 B shows ** 204 of a configuration of having the cavity of the 
piece which supports duplex degeneracy hexapole mode, and a ** 206 field pattern. + Reach and the 
notation of - is the sign (sign) of the field. 

It is shown. Two rectangular heads contiguous to a field pattern show a bus 210 and a drop 212 guided-wave 
guide. 

It is decomposed and the inputted electric wave eikx serves as cos(kx)+isin (kx). Here, X corresponds in the 
direction which meets a guided wave guide. To a mirror flat surface, a cos (kx) part is ** and is connected 
only with **********. On the other hand, it is sin (kx), 

A part is ** and is connected only with **********. in an equal example, the resonance state of 
|even>+i|odd> is excited for a coupling constant to both modes. This is decreased only by meeting the 
forward direction in an input guided wave guide. Consequently, reflection is lost completely. 
If the following is filled, maximum CDF effectiveness can be attained. To a guided wave guide, this 
configuration has at least one perpendicular mirror flat surface, faces each other, and blindness in one eye 
supports at least two symmetrical resonance state. As for the second, these two conditions have the same 
frequency substantially. The third is that these two conditions have the same quality factor (quality factor) 
substantially. A quality factor is determined based on attenuation (decay) of the resonance to guided wave 
guide mode. 

Drawing 3 is the top view of the gestalt of typical operation of the resonator system photograph nick crystal 
CDF 300 concerning this invention. CDF300 contains the photograph nick crystal 302 which has the guided 
wave guide of two, and a bus 304 and a drop 306. CDF has the resonator system 307 further and this has 
two point defects or cavities 308 and 310. A photograph nick crystal cavity is in single mode truly to the 
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resonance cavity of other molds. This is described Villeneuve et al. "Micro cavities in photonic 
crystals:Mode symmetry, tunability, andcoupHng", Phys.Rev.B 54, and 7837 (1996). This reference makes 
reference here and is applied. Furthermore, a photograph nick crystal cavity does not wear the radiation loss 
of a proper, but is insensible a little to the irregularity (disorder) relevant to manufacture, this — Fan et al., 
"Theoretical investigation of fabrication-related disorder on the propertoes of photnic crystals", and Journal 
App.Phys. — it is describing 78 and 1415 (1995). This reference makes reference here and is applied. 
In the gestalt of the illustrated operation, the photograph nick crystal 302 is formed as a rectangular grid of 
the high index dielectric post 132 on substrates, such as silicon, (high-index dielectric post). This post is 
radius 0.20a and a dielectric constant 1 1.56. Here, a is a lattice constant. The post of two trains is removed 
and a guided wave guide is formed. The post of two is changed and a joint element is introduced between 
guided wave guides. This prescribes cavities 308 and 310. Each cavity is radius 0.05a and a dielectric 
constant 6.6. This cavity is each ** of 5 lattice-constant detached building and a guided wave guide 
mutually, and is 2 lattice-constant ****** from a guided wave guide. Each cavity supports the local single 
electrode condition which degenerated single-handedly. ** and an even state consist of combining two 
single electrodes with a primary target (linear). 

Such CDF can be constituted using photograph nick crystal so that men of the same trade may understand. 
Here, a contrast (contrasting) dielectric constant forms a channel or a hole in the first dielectric matter, and 
is obtained by burying by the second dielectric matter which has a refractive index which is different from 
air or the first dielectric matter in the channel or hole. The various examples and manufacture approaches of 
a photograph nick crystal configuration are U.S. Pat. No. 5,187,461. 
No. 5,389,943, No. 5,440,421, No. 5,600,483 

It is stated to the United States patent application 08th / No. 395,441, and the 08th / No. 665,529. These 
make reference here and are used. 

Drawing 4 is the outline block diagram showing the physical device used for the channel drop conceming 
this invention. This is a typical object for filters which has the resonator system 405 which supports the 1 
even symmetric mode and the 1 odd symmetric mode of the same frequency substantially. This drawing 
contains the channel drop filter 400 which has the bus guided wave guide 402, the drop guided wave guide 
404, and the resonator system 405 connected among these. In resonance frequency, the guide mode in a bus 
excites the both sides of even symmetric mode and an odd symmetric mode. Instead, the ** 406a-406d 
mode of a resonator system and the ** 407a-407d mode are decreased equally substantially, and start a bus 
and a drop. 

The transmission (transmission) signal 408 consists of three parts. That is, they are an input signal 410 and 
the signals 406b and 407b resulting from attenuation of resonator system mode. It interferes in these three 
parts destructively, and, as a result, they become zero transmission. On the other hand, the reflective signal 
412 consists of two parts. That is, they are the signals 406a and 407a resulting from attenuation of resonator 
system mode. Under the conditions on which ** and an odd state which were described until now have the 
same frequency and the same quality factor substantially, these two parts are negated and serve as zero 
reflection. In the gestalt of operation, there is no signal into a drop also in any of the forward direction or 
hard flow. Selection of a direction changes with phases of the attenuation amplitude to the bus and drop 
from ** and an odd symmetric mode. 

Two cavities of CDF300 shown in drawing 3 are indirectly connected directly through crystal through a 
guided wave guide, each joint device — the frequency of** and an odd state — dividing (that is, degeneracy 
being destroyed) ~ a sign becomes reverse. What is correctly negated between two linkages is certainly 
performed by changing the dielectric constant of four individual posts 314, 316, 318, and 320 in photograph 
nick crystal into 9.5 from 1 1 .56. Or the radius or configuration of four individual posts can be decreased, 
and the same result can be obtained. 

Analytically, if the wavelike vector k in guide mode fills the relation between k-d=n pi+pi / 2, it can be 
shown that the quality factor of two conditions can be made equal. Here, d is the distance between two 
cavities (defect), and n is an integer. In order to fiilfiU this condition, two cavities are separated with five 
lattice constants, and the magnitude and the dielectric constant of a defective post are chosen and changed so 
that the guide mode in resonance frequency may have wavelike ** KUTORU of 0.25a- 1 . 
In order to prove these assumptions, the filter reaction of a general configuration of being shown in drawing 
3 is computed using the field method between difference minutes (finite-difference time-domain scheme). 
Both delivery, **, and an odd state are excited for a pulse to one of a guided wave guide. These two 
conditions are exponentially decreased in a guided wave guide. By carrying out the Fourier transform of the 
amplitude to decrease, ** to a configuration 30 and the frequency spectrum of an odd symmetric mode can 
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be found. Respectively, as shown in the graph of drawing 5 , it has the shape of Lorentz mold linearity 
(Lorentzian lineshape). The shape of two linearity overlaps nearly completely as a request. 
The spectrum of a transmission signal and the signal within the forward direction and a hard flow drop are 
shown in drawing 6 A - drawing 6 C, respectively. Transmission efficiency is close to 100% over all 
spectrum other than resonance frequency. In resonance frequency, transmission efficiency falls to 0% as it is 
shown in drawing 6 A. A forward direction drop shows the shape of Lorentz mold linearity, and shows the 
maximum near 100% in resonance. A quality factor exceeds 1000, as shown in drawing 6 B. As a hard flow 
drop is shown in drawing 6 C, a signal is lacked nearly completely. 

Drawing 7 shows the electric-field pattern computed in the resonance frequency of CDF300 shown in 
drawin g 3 . This electric field show the maximum transfer efficiency in the stable state frequency of 0.3696 
c/a. This power is completely transmitted to a drop from a bus. According to the simulation, the ideal 
property of a channel drop filter is seen. 

Drawing 8 is the top view showing the gestalt of another operation of the resonator system photograph nick 
crystal CDF 700 concerning this invention. CDF700 has the photograph nick crystal 702 which has the 
guided wave guide of two, and a bus 704 and a drop 706. The photograph nick crystal 702 is formed as a 
rectangular grid of the high index dielectric post 708. This post has the radius of 0.20a, and the dielectric 
constant of 1 1 .56. Here, a is a lattice constant. The post of two trains is removed and a guided wave guide is 
formed. The joint element between the guided wave guides of two is the resonator system 709, and this 
consists of one cavity 710 which has duplex degeneracy mode (that is, two modes of the same frequency). 
This cavity increases and forms the radius of one post in 0.60a from 0.20a. Or even if it changes the 
dielectric constant of one post, it can form. A dielectric constant is increased with the gestalt of the 
illustrated operation. Moreover, the photograph nick crystal which has the channel or hole of the matter 
which has air or a contrastive dielectric constant as mentioned above can be manufactured. 
Drawing 9 shows the electric-field pattern computed when there was no guided wave guide in the mode of 
the resonator system of CDF700 shown in drawin g 8 . This electric-field pattern shows two duplex 
degeneracy modes of the resonator system of CDF700 in case there is no guided wave guide. The general 
configuration which one of these modes is **, and serves as an electric-field pattern shown in drawing 9 
since another side is ** has the first for attaining maximum CDF effectiveness, and the second condition, 
i.e., at least one mirror flat surface, it has at least two face to face symmetrical (it is opposite exactly) 
resonance modes, and these two modes fulfill the conditions of having the same frequency. However, when 
there is a guided wave guide, degeneracy is destroyed, and the two modes differ and are combined with a 
guided wave guide. Therefore, these have a different quality factor. This is effective in lowering transfer 
efficiency from 100%. in order to optimize transfer efficiency — the configuration of a cavity — changing ~ 
the top — or — or the magnitude and the dielectric constant of a post which approach so that resonance mode 
may have the same frequency substantially are changed. 

Drawing 10 shows the gestalt of another operation of the resonator system CDF 900 concerning this 
invention. CDF900 has the guided wave guide of two, and a bus 902 and a drop 904. This guided wave 
guide is the conventional channel guided wave guide made by the high dielectric matter on substrates, such 
as silicon. The joint element which carried out the configuration of the resonator system 906 is formed from 
photograph nick crystal including the dielectric field 908. Hole 910 train is periodically formed in this field 
908. By severing periodicity, two defects 912 and 914 are formed in a line of holes. These two defects act as 
a cavity. 

Or this hole can also be replaced with a rod as mentioned above. 

The effectiveness of the instantiation-operation gestalt of all above is the configuration (geometry) of a 
resonator system. 

It optimizes by [ of a refractive index ] constituting and choosing the parameter about either at least. By [ of 
a suitable configuration and a suitable refractive index ] choosing either to a resonator system at least, the 
frequency in degeneracy mode (degenerate mode) becomes almost the same in accordance with the criteria 
of effectiveness. Furthermore, it is constituted by the configuration and refractive index of a resonator 
system so that substantially identically [ attenuation (decay) or the dissipation factor (dissipation rate) in 
degeneracy mode ] in a bus guided wave guide and a drop guided wave guide (bus and drop waveguides). 
Therefore, post 3 14,3 1 6,3 1 8,320 cannot change a dielectric constant as mentioned above to the remaining 
post 312, but CDF300 of drawing 3 can constitute it so that a configuration, i.e., magnitude, and a form may 
change. Furthermore, CDF700 of drawing 8 can be optimized the configuration of the post which adjoins a 
cavity 710, and by [ of a refractive index ] determining either at least. For example, posts 712 and 714 can 
be formed more greatly than other posts 708 of photograph nick crystal (photoniccrystal), although it is 
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smaller than a cavity 710. Or the both sides of a single post can be cut or cut for a cavity (SHIEBINNGU: 
shaving), and as the post of a diamond configuration formed in a plan, it can also constitute. As an example 
which corrects the resonator system of CDF900 of drawing 10 in agreement [ degeneracy mode and an 
attenuation factor ] as mentioned above, the dielectric field 908 can be more broadly formed in the field 
which adjoins defects (defects) 912 and 914. 

In the further instantiation operation gestalt, the design of the channel (tunable) drop filter which can be 
adjusted is taken into consideration. The charmel fi-equency was determined in each operation gestalt 
explained until now by the configuration and dielectric constant of structure which are determined as 
manufacture and coincidence. A nonlinear ingredient can be used in order to change the fi-equency of a 
channel dynamically (namely, in order to make a different fi-equency using the same equipment drop). And 
an electron (however, not restricted to these), piezo-electricity, heat, or electromagnetic mechanisms, such 
as the electro-optical effect, a charge carrier effect (charge-carrier effect), and photoionization of DX center, 
are used, the dielectric constant of a resonator system or its peripheral device is formed, and adjustment of 
CDF is enabled, the example of resonance adjustment of the resonator system which used the nonlinear 
ingredient — Villeneuve et al., "Single-mode waveguide microcavity for fastoptical switching". Optics 
Letters, Vol.21, and No. ~ it is indicated by 24 and 2017 (1996). 

Channel drop filters are the photograph nick IC (integrated circuit) and the important component of an 
optical transmission system. With these equipments, one or more fi-equency channels which can be set to a 
WDM signal can be accessed, without blocking other channels. Until now, the equipment which uses at 
least two resonance modes was used as a joint element of two guided wave guides. As a result of using two 
resonators, the shape of Lorentz mold transfer linearity (Lorentzian-shaped transfer lineshape) and a 
response function arise. Transfer (transfer) effectiveness reaches to 100% in resonance fi-equency, and if it 
separates fi*om resonance fi*equency, it will decrease rapidly. In an actual WDM system, the resonance 
frequency of a filter is uncertain because of the irregularity (disorders) relevant to the manufacture. 
Furthermore, signal frequency is changed for the temperature change in the light source. The Lorentz mold 
transfer function requires the precision level of high extent in manufacture of a filter, and the frequency 
stability of the light source. 

On the other hand, since the filter structure of having a response function with a crowning "flat (flat top: 
flat-top)" can transmit a signal different slightly [ a frequency ] at the same effectiveness, it can permit great 
structure and a great temperature change. Furthermore, the design of a filter is taken into consideration in 
practice about linearity-like a "side attachment wall." From resonance frequency, a Lorentz function 
separates considerably and descends by (deltaomega)-2. Here, deltaomega is the difference of the signal 
frequency of a filter, and resonance frequency. However, in order to reduce the cross talk between the 
frequency channels which approach depending on a practical system, quick descent (fall-offs) is required. 
In order to cope with these practical considerations, in this invention, the design of a channel drop filter 
which has the customized response function is offered. Such structures introduce two or more resonators, 
and are formed by adjusting suitably the center frequency and width of face of these resonators. The shape 
of transfer linearity of the filter structure equipped with each property of "the flat crowning" for which it 
asks, and "a sharp side attachment wall" as an instantiation operation gestalt is explained. In addition to the 
shape of that response linearity, this design also offers the possibility of a still more original switch function. 
Although this explanation focuss on the filter structure of having the response characteristic of "a flat 
crowning" and "a sharp side attachment wall", it is understood by this contractor according to the structure 
of explaining henceforth that other response functions can be generated. 

In order to have the shape of transfer linearity other than a low RENTSU type, the structure of holding two 
or more resonators is required. Drawing 1 1 is the outline block diagram of the resonator system CDF 1 100 
by this invention. It is combined between the input guided wave guide 1 102, the output guided wave guides 
1 104, and these guided wave guides, and CDFl 100 contains the resonator system 1 106 which has two or 
more resonance modes. In order for a signal transfer to occur, a resonator system needs to contain at least 
one external subelement by which direct continuation was carried out to the input guided wave guide. In the 
example illustrated, the bus external subelement 1 108 and the drop external subelement 1110 are formed. In 
the case of the specific case where the external subelement is prepared only one, the subelement must be 
connected to any guided wave guide. 

Direct continuation of the resonator system is not carried out to a guided wave guide, but it can contain 
further the internal subelement 1112 connected only to other resonators. By introducing an internal 
subelement, higher flexibility can be accepted in the design of the filter which has the shape of response 
linearity of arbitration. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/5/2006 



JP,200 1-508887, A [DETAILED DESCRIPTION] 



Page 8 of 17 



Each subelement supports one or more local resonance modes. Local resonance mode is the proper 
(vibration) mode of the subelement under the conditions that the subelement is separated from other parts of 
a system. Therefore, local mode is spatially related with the subelement. When an interaction exists, local 
mode is not necessarily the system-wide native mode. Therefore, in CDF structure, local mode contains the 
frequency component of one of one or more. It depends for actual arrangement of these frequency 
components on the essence of the interaction between subelements. Each subelement has ftirther the local 
symmetric property defined as symmetric property (SHIMETORI) related only with the subelement. Local 
symmetric property does not need to be the same as the symmetric property of the whole structure 
henceforth called broader-based (global) symmetric property. 

The external subelement (it is henceforth called a bus subelement) connected to the bus guided wave guide 
has local mirror flat-surface symmetric property perpendicular to a guided wave guide, and must support at 
least two local modes of anti-symmetry (even), i.e., the local mode of at least one **, and the local mode 
(odd) of at least one ** mutually. In order to obtain zero reflection (zero reflection), the attenuation 
amplitude to the hard flow in these modes must be added to zero. When local mode exists only in two, one 
side must be [ another side ] ** in ** about a mirror flat surface. In order to offset the attenuation amplitude 
in the hard flow of a bus guided wave guide, the shape of linearity in these two modes must overlap 
substantially. For this reason, it is required that the component with which these two modes correspond 
should have the same center frequency and the same width of face substantially. On the other hand, when 
two or more local modes exist, it is only called for that the sum of the attenuation amplitude from the mode 
of all ** offsets the sum in the attenuation mode from all odd symmetric modes. 

In order to obtain a perfect transfer from a viewpoint of the conservation of energy, the energy of a resonator 
system needs to decrease at the same rate in a bus guided wave guide and a drop guided wave guide. This is 
realizable by having structure including the mirror flat surface which is parallel to for example, a guided 
wave guide. In order to perform the one direction transfer to one of the forward directions or hard flow of a 
drop guided wave guide, the external subelement (it is henceforth called a drop subelement) connected to 
the drop guided wave guide has a local mirror flat surface, and must be equipped with the property that 
symmetric property supports reverse local mode. 

The shape of transfer linearity is customizable by adjusting the interaction between subelements and 
adjusting the interaction between a resonator system and a guided wave guide further. Frequency spacing 
between different channels and the width of face of a CDF transfer (transfer) function determine the number 
of the dropped channels. The width of face of a transfer function is made to increase depending on the case, 
and it is sometimes desirable to enable a transfer of more frequency channels. This can perform the number 
of the local resonance modes for example, in a resonator system by increment. 

If it summarizes, 1 operation gestalt of this invention will offer an electromagnetic-field frequency filter 
including the input guided wave guide which conveys the signal which has two or more modes containing 
the guide mode of hope, and an output guided wave guide. A resonator system is combined between an 
input guided wave guide and an output guided wave guide, desired guide mode is transmitted to an output 
guided wave guide, and transmission of the remaining frequency by the input guided wave guide is enabled. 
A resonator system contains the external subelement connected to the input guided wave guide. This 
external subelement has a local mirror flat surface perpendicular to a guided wave guide, and determines at 
least two local resonance modes of anti-symmetry mutually to this mirror flat surface. As a result of 
resonance mode's having the component offset in the hard flow of an input guided wave guide, reflection 
does not take place. 

The structure which can generate the flat linearity-like (maximum-flat line-shape) transfer function of 
maximum as an example is considered. The example of the flat linearity-like transfer function T of 

maximum (omega) is defined below. : ( coq j + y 

Here, it is half width [ in / omega 0 and / in upsilon / the one half (half maximum) of maximum ]. [ center 
frequency ] This transfer function is equipped with each property of "the flat crowning" for which it asks, 
and "a sharp side attachment wall." In order to satisfy above-mentioned requirements, to a guided wave 
guide as shown in drawing 12 , one side is parallel and considers the structure of having two mirror flat 
surfaces where another side is perpendicular. 

Drawing 12 is the outline block diagram of the resonator system CDF 1200. CDF 1200 consists of an input 
guided wave guide 1202, an output guided wave guide 1204, and two external subelements 1208 and 1210, 
and has the resonator system 1 206 which does not contain an internal subelement. Each external subelement 
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supports two local resonance modes including two cavities (not shown) close to a guided wave guide. The 
subelement 1208 connected to the input guided wave guide 1202 supports the local mode of ** shown by 
the local mode of ** shown by 1 1 and e> and 1 1 , and o>. The property of ** and *♦ is determined in this 
example in relation to the mirror flat surface perpendicular to a guided wave guide which is also a local 
mirror flat surface of a subelement. 

Such local modes are not the eigenstates of the whole structure because of the interaction of two 
subelements. Four eigenstates of structure have a different symmetry property about two mirror flat 
surfaces, and each is shown according to the symmetry property. For example, condition |even-odd> is ** 
about a mirror flat surface parallel to a guided wave guide, and ** about a mirror flat surface perpendicular 
to a guided wave guide. Each eigenstate has the shape of linearity of the Lorentz mold, and it is 
characterized with the center frequency and width of face. 

Local mode can be developed about the eigenstate of a system (expansion). In for example, the case of the 
11/ ^^""—i ( l^ven- even)-*- \odd- even) ) (2) 



|l^o) = -i-{ [even- odd)+|ocfd- odd)) . (3) 

subelement 1208 

It turns out that the sums of the Lorentz function the number of the shape of linearity of each local mode is 
[ Lorentz function ] two are consisted of by such expansion. In order to realize zero reflection, the two shape 
of these linearity must offset each other mutually. Offset can be performed with either of the following two 
approaches. 

Possibility 1 : omega even-even=omega odd-even* *omega 1 (4) 
omega even-odd=omega odd-ood** omega 2 (5) 

upsilon even-even=upsilon odd-even=upsilon even-odd=aipsilon odd-odd=upsilon (6) 
Possibility 2: omega even-even=omega odd-odd* *omega 1 (7) 
omega even-odd=omega odd-even* *omega 2 (8) 

upsilon even-even=upsilon odd-even=upsilon even-odd=aipsilon odd-odd* *upsilon (9) 

Each omega is the center frequency of the corresponding native mode here, and ** upsilon is width of face. 

In the 1 St scenario, a frequency is transmitted along the forward direction of a drop guided wave guide, and 

is transmitted along the hard flow of a drop guided wave guide in the 2nd scenario. 

In order to realize the shape of flat (maximum-flat) transfer linearity of maximum also in which scenario, 

the bond strength between two subelements is adjusted. This association has the effectiveness of dividing 

the native mode of ** and ** about a mirror flat surface parallel to a guided wave guide, case a frequency 

division is almost equal the twice of the width of face of eigenstate ~ namely, — omega l-omega2-=2upsilon 

(10) 

Structure expresses the flat transfer function of maximum a ** case. 

Furthermore, a transfer is completely removable by giving the same frequency and the same width of face to 
all four conditions (eliminate). 

omega even-even=omega odd-even=omega even-odd=omega odd-ood (11) 
upsilon even-even==upsilon odd-even=upsilon even-odd=upsilon odd-odd (12) 

In order "to switch" a transfer to hard flow from the forward direction, or in order to remove a transfer, the 
resonance peak which are 1/1000 of the smallness of center frequency and to obtain needs to shift resonance 
frequency by about one piece. Such a frequency shift is easily realizable using nonlinear effects (however, 
not limited to this), such as mosquito 1 effectiveness in a semiconductor material. 

Drawing 13 is the top view showing another instantiation operation gestalt of the photograph nick crystal 
CDF 1300 of a resonator system. CDF 1300 contains the photograph nick crystal 1301 which has two guided 
wave guides, and a bus 1302 and a drop 1304. The photograph nick crystal 1301 is constituted as a 
rectangular grid formed in the dielectric post 1318 of a higt index. A radius is 0.20a (a is a lattice constant), 
and the dielectric constant of a post is 1 1 .56. The post of two lines is removed for guided wave guide 
formation. 

The joint element during two guided wave guides is the resonator system 1303 including four point defects 
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(point defects) which form the minute cavities 1306, 1308, 1310, and 1312. A minute cavity is formed by 
decreasing the radius of four posts from 1 .20a. Or it can form also by changing the dielectric constant of 
four posts. Moreover, as already explained, photograph nick crystal can also be manufactured with the 
ingredient which has the path, hole, or contrast (contrasting) dielectric constant of air. 
A minute cavity is divided to two external subelements, the bus subelement 1314 and the drop subelement 
1316. These subelements are perpendicular to a guided wave guide, and have the symmetric property of the 
local mirror flat surface which is also a mirror flat surface of whole structure with the operation gestalt 
illustrated. In addition, an internal subelement is not contained in this configuration, between both 
subelements ~ cavities — 2 lattice-constant partition ******** from 5 lattice-constant detached building and 
each guided wave guide. Each cavity supports the unipolar (monopole) condition that independent 
degeneracy was made local. As already explained, the condition of** and ** is constituted by such unipolar 
line-combination. 

If wave vector k in the guided mode fills the relation between k-d=n pi+pi / 2 (the distance of the defect in a 
guided wave guide and a parallel direction and n are an integer for d), it can make the quality factor of these 
symmetry conditions equal. This condition can be fulfilled by choosing the magnitude and the dielectric 
constant of a defective post so that defects may be **********(ed) five and the guided mode may have the 
wave vector of 0.25a- 1 in resonance frequency. 

If a single electrode meets in the x directions indirectly through a guided wave guide, it is directly combined 
with photograph nick crystal, the frequency in the condition that symmetric property differs about the mirror 
flat surface where each joint device is perpendicular to a guided wave guide — dividing (that is, degeneracy 
being destroyed) — a sign becomes reverse. As shown in drawing 13. the positive offset between two joint 
devices is guaranteed at least by [ of the dielectric constant of the selected rods> such as the posts 1320. 
1322. 1324. and 1326 of photograph nick crystal, magnitude, and a configuration ] changing either into 
1 1 .56-7.5 in the case of a dielectric constant. In order that symmetry may guarantee the suitable frequency 
division between reverse conditions about the mirror flat surface which is parallel to a guided wave guide, as 
for the distance between the cavities in the direction of y. four lattice constants are chosen. 
The filter response of the structure shown in drawing 13 is computable with the field method between 
difference minutes (finite-difference time-domain scheme). A pulse is transmitted to one guided wave guide, 
and the resonance state is caused. It continues and these resonance state is decreased to a guided wave guide 
exponentially (expo nentially). It can ask for the frequency spectrum in all the symmetry conditions that 
each has the shape of Lorentz mold linearity, by carrying out the Fourier transform of the attenuation 
amplitude. Drawing 14 is a graph which shows the frequency spectrum of a **-** [ of CDF1300 shown in 
drawing 13 ], **-**, and **-odd symmetric mode. The shape of Hnearity of the **-even state 1400 and the 
**-even state 1402 overlaps nearly completely, and is the same as that of this also about the shape of 
linearity of the **-odd state 1404 and the **-odd state 1406 so that it may be required. Furthermore, it is 
separated from the center frequency of a **-even state only the twice of the width of face of a resonance 
peak to the center frequency of a **-odd state so that it may be wanted. 

The spectrum of the signal in the forward direction and a hard flow drop is shown in drawing 15 C from 
drawing 15 A with the spectrum of the transmitted signal. Drawing 15 A to drawing 1 5 C is a graph 
showing the spectrum of the transmitted signal in the bus of CDF 1 300 of drawing 13 on the strength, the 
spectrum of the transmitted signal in a forward direction drop on the strength, and the spectrum of the 
transmitted signal in a hard flow drop on the strength, respectively. Transmission is close to 1 00% over the 
whole spectrum except for near center frequency. In near center frequency, transmission descends to 0% 
( drawing 1 5 A). A forward direction drop reaches about 99% of maximum in center frequency ( drawing 1 5 
B). The hard flow drop shows the absence of a nearly perfect signal ( drawing 15 C). Here, the shape of 
transfer linearity actually shows the flat property of maximum. That is, flattening of the crowning is carried 
out in a resonance peak, and the transfer amplitude expresses rapid downhill course that center frequency is 
left. 

Drawing 16 is the top view showing another instantiation operation gestalt of the photograph nick crystal 
CDF 1600 of a resonator system. CDF 1600 consists of photograph nick crystal 1601 which is the 
rectangular grids which the dielectric post 1 603 of a higt index forms, and has the bus guided wave guide 
1602 and the drop guided wave guide 1604. In this operation gestalt, the joint element during two guided 
wave guides is the resonator system 1605 including two point defects which form two cavities 1606 and 
1 608 to which each supports duplex degeneracy mode (doubly degenerate modes) (namely, two modes in 
which it has the same frequency). Alignment of each core of a point defect is carried out to the shaft 
perpendicular to a guided wave guide. Each cavity forms the bus subelement 1610 and the drop subelement 
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1612 as each external subelement. An internal subelement does not exist in this structure. 
Cavities 1606 and 1608 are the radius of two rods from 0.20a 0 

It is formed by expanding to 60a. Symmetric mode is constituted by the combination of the shape of 
linearity in all the modes. The frequency of symmetric mode can be adjusted by [ of the rod which 
approaches a defective rod and a defect most and is located ] changing one of configurations and dielectric 
constants at least. The frequency division between the modes in which symmetry differs about the mirror 
flat surface which is parallel to a guided wave guide can be adjusted by changing the distance of defects and 
changing the configuration or dielectric constant of a rod located between cavities. Resonance frequency can 
be located in the approximation location for attaining a perfect transfer of forward direction HE which has 
the shape of flat transfer linearity of maximum according to such an adjustment device. 
Drawing 17 is the top view showing another instantiation-operation gestalt of the resonator system 
photograph nick crystal CDF 1700. CDF 1700 consists of photograph nick crystal 1701 of the rectangular 
grid which consists of the dielectric post 1703 of a higt index, and has the bus guided wave guide 1702 and 
the drop guided wave guide 1704. In this operation gestalt, the joint element during two guided wave guides 
is the resonator system 1705 including two point defects which form two cavities 1706 and 1708. 
CDF 1700 contains two external subelements. Each cavity has determined each external subelement 1710, 
i.e., a bus subelement, and the drop subelement 1712. An intemal subelement is not contained in this 
structure. These subelements have a local mirror flat surface, and include the single defect which supports 
the local resonator whose symmetric property is reverse two about this local mirror flat surface, 
respectively. Unlike the above-mentioned operation gestalt, a broader-based mirror flat surface is not 
included in this structure. In order to realize a perfect transfer, the shape of linearity of the local mode of** 
and ** needs to be offset mutually. This is realized by changing the dielectric constant or magnitude of a • 
post close to a cavity. By adjusting the dielectric constant or magnitude of a rod located betwebn cavities, ' 
association of the local resonator in these two cavities can be adjusted. 

Drawing 1 8 is the top view showing another instantiation operation gestalt of the photograph nick crystal 
CDF 1800 of a resonator system. CDF1800 consists of photograph nick crystal 1801 which is the 
rectangular grids which the dielectric post 1 803 of a higt index forms, and has the bus guided wave guide 
1 802 and the drop guided wave guide 1 804. In this operation gestalt, the joint element during two guided 
wave guides is the resonator system 1805 including two point defects which form two cavities 1806 and 
1808 to which each supports duplex degeneracy mode (namely, two modes in which it has the same 
frequency). Alignment of each core of a point defect is carried out to the shaft which is parallel to a guided 
wave guide. Each cavity forms the single external subelement 1810. An intemal subelement does not exist 
in this structure. 

The indirect joint path between cavities is offered with the configuration of CDF 1800. In addition to other 
devices which exist in the above-mentioned operation gestalt, such an indirect joint path is applicable also to 
adjustment of the resonance frequency of symmetric mode. In the forward direction or one of hard flow, a 
perfect transfer is realizable with this additional device. Furthermore, a transfer is completely removable. 
Drawing 1 9 is the top view showing another instantiation operation gestalt of the photograph nick crystal 
CDF 1900 of a resonator system. CDF1900 consists of photograph nick crystal 1901 which is the 
rectangular grids which the dielectric post 1 903 of a higt index forms, and has the bus guided wave guide 
1902 and the drop guided wave guide 1904. In this operation gestalt, the joint element during two guided 
wave guides is the resonator system 1905 including six point defects which form six cavities 1906, 1908, 
1910, 1912, 1914, and 1916 to which each supports an independent degeneracy resonator. Alignment of 
each core of a point defect is carried out to the shaft which is parallel to a guided wave guide. 
CDF 1900 contains two external subelements. The external bus subelement 1918 is determined by cavities 
1906 and 1908, and the external drop subelement 1920 is determined by cavities 1914 and 1916. It does not 
connect with a direct guided wave guide, but two central cavities 1910 and 1912 are connected to a guided 
wave guide through other cavities. This structure is an example of CDF which has the intemal subelement 
1922. In this case, existence of an intemal subelement does not influence duplication of** of an external 
subelement, and the local state of**, but only changes the frequency of the condition of** and **. By 
adjusting the dielectric constant of a rod located between the distance between cavities, and a cavity, the 
shape of more complicated linearity, such as a butterworth fimction (Butterworth function), is realizable. 
Furthermore, the positive offset between joint devices is guaranteed by [ of the dielectric constant of the 
selected rods, such as the posts 1924, 1926, 1928, and 1930 in photograph nick crystal, magnitude, and a 
configuration ] changing either at least. 

Drawing 20 is the top view showing another instantiation operation gestalt of the photograph nick crystal 
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CDF 2000 of a resonator system. CDF2000 consists of photograph nick crystal 2001 which is the 
rectangular grids which the dielectric post 2003 of a higt index forms, and has the bus guided wave guide 
2002 and the drop guided wave guide 2004. In this operation gestalt, the joint element during two guided 
wave guides is the resonator system 2005 including three point defects which form three cavities 2006, 
2008, and 2010. In accordance with the shaft which is parallel to a guided wave guide, alignment of each 
core of a point defect is carried out. The cavity has determined the single external subelement 2012. An 
internal subelement is not contained in this structure. 

Unlike the above-mentioned operation gestalt, about the perpendicular mirror flat surface, one is ** and the 
external subelement 2012 of this structure contains three local resonators whose two [ other ] are ** to the 
guided wave guide. The number of external subelements is one, and since an intemal subelement does not 
exist, such local modes are the eigenstates of the whole filter structure. A perfect transfer is realizable if the 
linear function in the mode of ** offsets the sum of the shape of linearity of two even symmetric modes. 
This locates the center frequency of an odd symmetric mode between the center fi"equency of two even 
symmetric modes, and is realized by making width of face of an odd symmetric mode larger than the width 
of face of two even symmetric modes. Since the amplitude of even symmetric mode is large in a main cavity 
and the amplitude of an odd symmetric mode is small, the relative location of the frequency of** and an 
odd symmetric mode can be adjusted by changing the dielectric constant or magnitude of a main cavity. The 
width of face in these modes can be adjusted by changing the distance between cavities. 
The positive offset between joint devices is guaranteed by [ of the dielectric constant of the selected rods, 
such as the posts 2014, 2016, 2018, 2020, 2022, and 2024 in photograph nick crystal, magnitude, and a 
configuration ] changing either at least. 

Preferably, posts 2016 and 2022 are changed by the approach of being different in other posts 2014, 1018, 
2020, and 2024. 

Drawing 2 1 is the top view showing the typical gestalt of other alternatives of the resonator system CDF 
2100. In CDF2100, the conventional channel bus 2102 and drop 2104 guided- wave guide which consist of a 
high dielectric material with the resonator system 2105 which consists of photograph nick crystal are used. 
This CDF2100 is a case accompanied by radiation loss. 

The resonator system 2105 consists of two dielectric fields 2106 and 2108, and those fields have a series of 
holes 2110 prepared periodically, respectively. In each field, two defective parts 2112 and 2114/2118 are 
introduced in the train of a hole by interrupting the periodicity. [2116 and 2118] These defective parts act 
like a very small cavity. Unlike two above-mentioned operation gestalten in case there is no radiation loss, it 
decreases in radiation mode and both the modes of trapped mode according to these two states of 
impairment. Therefore, the conditions which attain the maximum transfer to the forward direction for flat 
linearity under existence of radiation loss to the maximum extent are as follows, 
omega even-even=omega odd-even=omega even (13) 
omega even-odd=omega odd-odd=omega odd (14) 

upsilon even-even=upsilon odd-even=upsilon even-odd=upsilon odd-odd=upsilon (15) 
Upsilon*even-even=upsilon*odd-even=upsilon*even-odd=upsilon*odd-odd=upsilon* (16) 
omega even-omegaodd=2upsilon ( 1 7) 

Each omega is a central frequency in the corresponding native mode here, respectively, and ** upsilon is the 
width of face of a resonance peak. ** upsilon* is the width of face of the resonance peak only based on 
energy stripping into a guided wave guide. 

Probably, it will be clear for this contractor that the number's of channels dropped it is dependent on 
frequency spacing between different channels (frequency spacing) and the width of face of a CDF transfer 
function. It may be desirable to increase the width of face of a transfer function depending on the case, and 
to make it possible in transmitting more frequency channels. It can attain the partial resonance mode number 
for example, in a resonator system by increasing. 

Very efficient channel drop filter structure was shown above. It becomes possible to transmit completely 1 
of a wavelength division multiplexer (WDM) signal, or some frequency channels to a drop guided wave 
guide through a joint element according to such structures from a bus guided wave guide, without blocking 
other channels. The resonance frequency of a joint element was changed and the adjustment mechanism 
which enables dynamic selection of a frequency channel by that cause was also introduced. However, in 
addition to such channel selection capacity with a practical WDM system, it is desirable ON and to switch a 
transfer of a frequency channel off. Ideally, in "ON" condition, a frequency channel (plurality) is completely 
transmitted to a drop guided wave guide fVom a bus, and a frequency channel (plurality) is maintained in 
"OFF" condition by the condition (unperturbed) of not receiving a perturbation at all within a bus guided 
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wave guide. It is possible to attain such ON / an off function using the frequency regulation mechanism 
mentioned above. However, in case a device is turned OFF, the resonance frequency of a joint element must 
be changed out of all the frequency fields of a WDM signal. Modification of such a frequency needs big 
power at the time of a change-over, and is not practical. 

According to the further operation gestalt of this invention, the achievement of an on-off function using the 
change-over operation guided by absorption is explained. The fundamental principle of operation of this 
operation is shown in drawin g 22 A and 22B. Drawing 22 A and 22B are the functional block diagrams of 
the channel drop filter 2200 using the mechanism of an absorption induction type change-over in each of an 
ON state and an OFF state. A filter 2200 contains the bus guided wave guide 2202, the drop guided wave 
guide 2204, and the resonator system 2206 that functions as a joint element as above-mentioned. The 
ingredient which has the absorption coefficient which can be adjusted is incorporated into the joint element. 
A filter is switched to "ON" condition shown in drawing 22 A, and "OFF" condition shown in drawing 22 B 
by the value of an absorption coefficient. 

As above-mentioned, in the state of "ON", an ingredient has the minimum absorption coefficient and the 
structure functions like the usual channel drop filter. In resonance frequency, power is completely 
transmitted to a drop guided wave guide from a bus guided wave guide. The transmission amplitude in a bus 
guided wave guide descends to zero by destructive interference between the attenuation amplitude from a 
joint element and an incoming wave. Power is transmitted into a drop guided wave guide through the 
attenuation amplitude from a joint element. For the purpose of instantiation, a transfer of the hard flow in a 
drop guided wave guide is shown in drawing 22 A. The same is completely said of the case where power is 
transmitted to the forward direction. 

In the state of "OFF", the absorptivity ingredient in a cavity is adjusted so that it may have the maximum 
absorption coefficient. Therefore, the resonance in the charge of binding material becomes an invalid 
(spoiled), and the attenuation amplitude from a joint element is removed. It becomes unnecessary for the 
frequency and attenuation factor of resonance mode to be substantially the same. Within a drop guided wave 
guide, since all wave power originates in the attenuation amplitude, a power transfer is turned OFF 
completely. When the attenuation amplitude is lost within a bus guided wave guide to it, destructive 
interference stops existing. Thereby, in the perimeter wave number range, transmission of an incoming wave 
is maintained to about 100% as shown in drawing 22 B. 

Probably, in both the conditions of "OFF" and "ON", it will be clear the loss of signal's by absorption to be 
stopped by minimum. In the state of "ON", an absorption coefficient is made into min and the loss relevant 
to absorption should become the minimum on the design. In this condition, a photon has the big field 
amplitude within a joint element. Resonance in a joint element is made into an invalid by introducing a big 
absorption coefficient in the state of "OFF" to it. A photon stops having the big field amplitude within a 
joint element. The only absorption loss depends the exponential-function tail (exponential tail) of trapped 
mode on the tunnel operation which led. Such a tunnel operation is minimum-ized by increasing, the 
distance, i.e., the tunnel barrier, between a guided wave guide and a joint element. 
Quantitatively, the response spectrum of a switch is detected by rate of internal damping upsilonin of 
resonance, and rate of external damping upsilonex. The rate of internal damping relates to cavity loss. When 
cavity loss is guided by ingredient absorption, the rate of internal damping is specified by the following. 
upsilonin=alpha- (c/n) (18) 

alpha is the absorption coefficient of an ingredient, c is the rate of the light within a vacuum here, and n is a 
refractive index. The rate of the exterior is prescribed to it by the rate which a photon tunnels into a guided 
wave guide and is leaked from a resonator system. 

An attenuation factor is related to the interior and an extemal quality factor through the following relation. 
Qin=omega/upsilon in (19) 

Qex=omega/upsilon ex (20) 

Here, omega is resonance frequency. Before absorbing a photon or leaking quality factors Qin and Qex, 
respectively, they express the number of optical cycles through which it passes within a resonator. 
Detailed quantitive analysis can be built by specifying the property of the condition of the element according 
to each, i.e., the propagation condition in a guided wave guide, and the resonance state of a joint element. 
The Hamilton matrix explaining the interaction between those conditions is generated following it. A 
transmission characteristic can be extracted from such a Hamilton matrix using the approach of a Green 
function. As an example, in the specific case where only the condition of a single pair exists in a joint 
element, when those conditions have opposite symmetric property to the mirror plane which is parallel to a 
guided wave guide, the following transfer spectrums exist (inferior letters e and o show even number and an 
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odd number condition, respectively). 
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It is two restrictive cases that especially an interest is held. In one limitation, upsilonin has the small 
absorption coefficient of the ingredient in a joint element which can be adjusted very small 
(upsilonin«upsilonex) compared with upsilonex. In that case, upsilonein and upsilonoex can be 
disregarded in formula (21) - (24). Therefore, those formulas express the response of the channel drop filter 
from which ingredient absorption was excepted. In resonance frequency, all power is transmitted to a drop 
guided wave guide from a bus guided wave guide. A switch is in "ON" condition. In limitation of another 
side, upsilonin has the large absorption coefficient of the ingredient in a joint element which can be adjusted 
very greatly (uin»upsilonex) compared with upsilonex. By the formula (21), a transmission coefficient 
approaches 1 . By formula (22) - (24), reflection and a transfer multiplier become zero to coincidence 
asymptotically along with increase of upsilonein and upsilonoex. Therefore, a switch is in "OFF" condition. 
This frequency channel is maintained by the condition of spreading without receiving a perturbation at all 
within a bus guided wave guide. Surely this analysis result confirms the explanation about the above- 
mentioned property. 

Equally, based on the relation (a formula (19) and (20)) between an attenuation factor and a quality factor, 
the interior and an external quality factor can express the two above-mentioned restrictive cases. In 
Qin»Qex, "ON" condition corresponds and, in Qin«Qex, "OFF" condition corresponds. 
Generally, it is thought that a joint element supports many conditions from two. Moreover, the symmetric 
property of those conditions may differ fi-om what was specified above. In those cases, a response spectrum 
differs fi^om the spectrum expressed with formula (21) - (24). However, the overall property of a change- 
over and a modulation is still effective. 

By introducing absorptivity in a resonance cavity, the resonance state (plurality) related to a cavity is made 
into an-invalid, and it prevents that a cavity participates in the response of filter structure. 
An absorption coefficient can be changed with electric, optical, or different means, such as a machine target. 
For example, these both are quoted and used for this application please refer to Soref et al., "Electrooptical 
Effects in Silicon", IEEE J.Quantum Electron., QE-23,123 (1987) and Bennett et al., "Carrier-In duced 
Change in Refractive Index of InP, GaAs, and InGaAsP", IEEE J.Quantum Electron., and QE-26,1 13 
(1987). In the semiconductor material, the possibility of using isolation carrier absorption to the 
electromagnetic wave which has a frequency lower than an electronic band gap is shown. 
Optical or when electric excitation does not exist, a conduction band is empty (empty) and the ingredient is 
transparent. That is, an absorption coefficient is equal to zero. An electron can be poured into the conduction 
band of a semi-conductor by optical excitation on a frequency higher than an electronic band gap, or 
electronic excitation of current impregnation etc. Those the excitation of both has the operation which 
guides isolation carrier absorption. In the silicon ingredient of bulk, an absorption coefficient can be 
adjusted easily [ 105m-l ] from zero on the wavelength of 1 .55 microns. It is equivalent to change of the 
internal quality factor from infinity to about 100. Therefore, significant change-over actuation can be 
attained in the structure which has 1 000 or the external quality factor of extent beyond it. In addition, the 
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magnitude of an adjustable range required for an absorption coefficient contracts as the external quality 
factor of resonance increases. 

Although all the above-mentioned explanation focused on the side face about a change-over of a device, 
probably, it will be clear by modulating an absorption coefficient to time amount using the same device that 
a modulator function can be attained for this contractor. An optical modulator is a device which does the 
activity in which information is included in a light wave signal. Formula (21) It depends on the internal 
quality factor of resonance for the rate (fraction) of the power switched between guided wave guides so that 
- (25) may see. The internal quality factor is determined by the strength [ the ingredient in a cavity ] of 
absorption. When absorption does not exist, power is completely transmitted to a drop guided wave guide. 
When absorption is large enough, power is maintained by the condition of not receiving a perturbation at all 
within a bus guided wave guide, and a transfer is not carried out. When absorption is a mean value, power is 
partially transmitted to a drop guided wave guide. Thus, the level of the optical strength in a bus and both 
the guided wave guide of a drop can be modulated by the degree of absorption of the ingredient in a cavity. 
The general principle of an above-mentioned change-over and a modulation is applicable in each operation 
gestalt explained to this specification. Instead of explaining application of the ON / off function in all the 
above-mentioned operation gestalten, a typical operation gestalt is shown and an important practical point of 
argument is explained. 

As first operation gestalt, it includes in the FOTONIKKUKURISUTARU channel drop filter structure 
which shows change-over/modulation function in drawing 8 . Channel drop filter structure contains the 
photograph nick crystal which has two guided wave guides. Each of that guided wave guide is formed by 
removing the post of the single tier in photograph nick crystal. The joint element between two guided wave 
guides is a resonator system which consists of one cavity. The geometric parameter of this structure is as 
having mentioned above. In order to incorporate change-over/modulation function, the ingredient which has 
the absorption property which can be adjusted is introduced in a resonance cavity. 

Drawing 23 A and 23B are the top view showing the photograph nick crystal resonator system change-over / 
modulator CDF 2300 by this invention, and a sectional view obtained along with a line 23-23, respectively. 
CDF2300 contains the photograph nick crystal 2302 which has a bus 2304 and two guided wave guides of a 
drop 2306. The photograph nick crystal 2302 is constituted as a rectangular grid formed in the higt-index 
dielectric post (high-index dielectric post) 2308. A post can have the radius of 0.20a, and the dielectric 
constant of 1 1 .56, and a is a lattice constant here. The post of two trains is removed and the guided wave 
guide is formed. The joint element between two guided wave guides is a resonator system which consists of 
the single cavity 23 1 0. A cavity is the radius of one post from 0.20a 0 

It is formed by expanding to 60a. By the buffer layer 2312 and the electrode 2314 being attached in a cavity 
2310, the electric excitation which is the gestalt of an electrical potential difference or a current is 
transmitted. As an alternative, as above-mentioned, photograph nick crystal may be manufactured so that the 
channel or hole which consists of the ingredient which has air or a contrastive dielectric constant may be 
included, 

when electric excitation is not impressed, the ingredient in a cavity is transparent (namely, an absorption 
coefficient — very — only ~ coming out — it is), and this frequency channel is transmitted to a drop guided 
wave guide from a bus guided wave guide. A transfer spectrum as shown in drawing 24 A and 24B is 
computed using an above-mentioned finite difference time amount domain program. Drawing 24 A and 24B 
show transmission and the transfer spectrum in the change-over / modulator structure shown in drawing 23 
A and 23B which were normalized. A frequency channel is transmitted to a drop guided wave guide 
completely [ in hard flow ] from a bus guided wave guide at the time of resonance. This condition is called 
"ON" condition. In simulation, the external quality factor of resonance is detected as it is about 6,000. 
At the time of impression of electric excitation, the ingredient in a cavity is tinctured with absorptivity on 
the contrary. 1 . 

It is proved by the wavelength of 55 micrometers using the ingredient which can come to hand easily [ Si 
etc. ] that the internal quality factor of 100 can be attained. The nature multiplier of both sexes of the 
exterior and the interior is related to an attenuation factor through a formula (19) and (20). A response 
spectrum is detected using formula (21) - (25), and is illustrated by drawing 25 A and 25B. 
Drawing 25 A and 25B show transmission and the transfer spectrum in the change-over / modulator 
structure shown in drawing 23 A and 23B which were normalized. It migrates to the perimeter wave number 
range, and about [ a transmission coefficient ] 100% is known. Therefore, the transfer to the drop guided 
wave guide from a bus guided wave guide is turned OFF. This condition is called "OFF" condition. 
It is another typical operation gestalt shown in drawing 26 , and the resonator system change-over / 
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modulator CDF 2600 with which CDF2300 and structure are similar have the absorptivity guided optically. 
Instead of attaching an electrode in the front face of the joint element cavity 2602, the optical fiber point 
2604 is used, optical excitation is locally supplied in a joint element, and an absorption property is changed. 
Optical excitation is impressed on a frequency higher than the electronic band gap of a semi-conductor. 
Thereby, an electron is excited from a valence band (valenceb and) to a conduction band, and the operation 
which guides isolation electronic absorption is acquired. When such optical excitation is not impressed, the 
ingredient in a cavity is still transparence, and the structure is "ON." 

It is a condition. At the time of impression of such [ on the contrary ] optical excitation, the ingredient in a 
cavity becomes absorptivity, and the structure is switched to "OFF" condition. 

Instead of guiding absorption optically using an optical fiber point, a change-over can also be carried out 
mechanically. The same structure as what is shown in drawing 26 can be used. However, it is not necessary 
to use an absorptivity ingredient into a cavity in this case. When a fiber point is brought close to a cavity, the 
photon amplitude in a cavity can be leaked through a fiber point. This corresponds, when absorption by the 
ingredient exists. A filter is in "OFF" condition. When a fiber point keeps away from a cavity to it, a photon 
cannot be leaked through a fiber point. This corresponds, when absorption by the above-mentioned 
ingredient does not exist, A filter is in "ON" condition. 

The absorptivity ingredient which can be adjusted is introduced into the joint element of the channel drop 
filter structure similar to what is shown in drawing 21 with other typical operation gestalten of this 
invention. Drawing 27 A and 27B are the top view showing a resonator system change-over / modulator 
CDF 2700, and a sectional view obtained along with a line 27-27, respectively. In CDF2700, the 
conventional channel bus 2702 and drop 2704 guided-wave guide which consist of a high dielectric material 
with the resonator system 2705 are used. With this operation gestalt, cavities 2710-2716 are formed by 
introducing a defective part into the periodic surface-wave type section 2717 of two dielectric fields 2706 
and 2708 which form the resonator system located between a bus and a drop, and 2718. The guided wave 
guides 2706 and 2708 contain the guide layer 2720 and an enveloping layer 2722. Furthermore, electrodes 
2724 and 2726 are arranged above cavities 2710 and 2712, respectively. 

Unlike the two above-mentioned operation gestalten, the joint element of CDF2700 consists of four cavities. 
Two cavities (2710 and 2712) adjoin a bus guided wave guide, and other 2 cavities (2714 and 2716) adjoin a 
drop guided wave guide. The separate electrode is attached in each cavity with this specific operation 
gestalt. Since the electric excitation impressed to each electrode can be fluctuated independently, it is 
possible to control the absorption property of each cavity by this structure according to an individual. 
Thereby, a more complicated change-over function is attained as explained below. 

When electric excitation does not exist in all four electrodes, like the above-mentioned, the ingredient in a 
cavity is transparent and a frequency channel is transmitted to a drop guided wave guide from a bus guided 
wave guide. Similarly this condition is equivalent to "ON" condition. By impressing electric excitation to all 
electrodes at coincidence, a transfer can turn OFF completely. As an alternative, a transfer can turn OFF also 
by impressing electric excitation only to two cavities of either cavities 2710 and 2712 or the cavities 2714 
and 2716. 

KONFIGYUA [ in addition to the function as the ON / an off switch for the transfer to another side from 
one guided wave guide / such the structure ] as a narrow-band reflector dynamically. The ftinction can be 
attained by impressing electric excitation to three cavities. Three cavities are one side of cavities 2714 and 
2716 and cavities 2710 and 2712. In this example, excitation is impressed to cavities 2710, 2712, and 2716. 
At the time of resonance, it joins together in a cavity 2714 and the electric wave spread in a bus guided wave 
guide is decreased along both directions only in a bus guided wave guide. An incoming wave cancels the 
attenuation amplitude to the forward direction in a bus guided wave guide, and leaves the electric wave 
reflected in hard flow. In order that this resonance may show the Lorentz linearity of a narrow-band, 
reflection is carried out only in a narrow frequency range. Therefore, this structure is switched so that it may 
function as a narrow-band reflector. 

In addition with another typical operation gestalt of this invention, ON of a transfer and the structure 
switched to hard flow from the forward direction in a drop guided wave guide in a transfer are devised off. 
Drawing 28 is the top view showing the photograph nick crystal resonator system change-over / modulator 
CDF 2800 by this invention. CDF2800 contains the photograph nick crystal 2802 with which members, 
such as a rod 2804, a bus 2806, and a drop 2808, have been arranged periodically. It is thought that 
CDF2800 is the combination of the channel drop filter structure shown in drawing 3 and 8. 
The joint element is constituted by three cavities. The first cavity 2810 consists of the rod which has a larger 
radius than all other rods, and supports the two resonance state which has opposite symmetric property. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/5/2006 



JP,2001-508887,A [DETAILED DESCRIPTION] 



Page 17 of 17 



Cavities 2812 and 2814 consist of the rod which has a radius smaller than other rods, respectively, and 
support the one resonance state. An electrode is attached in each cavity and electric excitation can be 
impressed now. When electric excitation is impressed to all three cavities, the transfer between a bus and a 
drop guided wave guide is turned OFF completely. 

Although the ingredient in the first cavity 2810 is tinctured with absorptivity when electric excitation is 
impressed only to the first cavity 2810, the ingredient in a cavity 2812 and 2814 is still transparence. 
Therefore, an optical signal is transmitted along the forward direction through cavities 2812 and 2814 in a 
drop guided wave guide. 

Although the ingredient in a cavity 2812 and 2814 is tinctured with absorptivity when electric excitation is 
impressed only to cavities 2812 and 2814, the ingredient in a cavity 2810 is still transparence. Thereby, a 
signal is transmitted along the hard flow of a drop guided wave guide through a cavity 2810. Therefore, by 
choosing electric excitation, it is also possible to switch a device so that an optical signal may be transmitted 
for a device along the forward direction or hard flow in a drop guided wave guide, ON and when being 
switched off. 

Probably, it will be clear for this contractor to operate by the technique in which the above-mentioned 
operation gestalt is similar, when adding a channel to a data stream. When absorption does not exist, a 
frequency channel can be transmitted in a bus guided wave guide, and can be added to a data stream. At the 
time of existence of absorption, such a transfer is turned OFF on the contrary. An absorption induction 
change-over and a modulation can be further carried out with the structure of drawing 29 A and 29B. 
Drawing 29 A and 29B are the top view showing a guided wave guide change-over / modulator 2900, and a 
sectional view obtained along with a line 29-29, respectively. The guided wave guide 2901 contains the 
elements 2902, such as a series of holes prepared periodically. The resonance very small cavity 2904 is 
introduced into a guided wave guide by interrupting the periodicity of an element 2902. The internal quality 
factor of a cavity can be fluctuated with electric, optical, or different means, such as a mechanical means. 
With this specific operation gestalt, an internal quality factor is influenced by the electric means. The 
absorptivity ingredient is introduced into the very small cavity. By attaching an electrode 2906 and a buffer 
layer 2908 in a cavity, the absorption property can be changed now by electric excitation. 
When electric excitation does not exist, the ingredient in a cavity is transparent. When separated from 
resonance frequency, a signal is reflected by the periodic train of a hole. To it, with resonance frequency, it 
joins together and an incoming wave resonates (couples into the resonance). Therefore, the reflected signal 
is constituted by two parts of the direct reflection from a hole, and the attenuation amplitude from resonance 
along the hard flow of a guided wave guide. These two parts of each other are canceled and the signal 
transmitted remains. The result of such finite difference time amount domain simulation of the very small 
cavity structure is shown in the graph of drawing 30 A and 308. Drawing 30 A and 30B show the reflection 
and the transmission spectrum at the time of "ON" condition of the change-over modulator structure shown 
in drawing 29 A and 29B which were normalized. A transmission spectrum expresses the Lorentz linearity 
and has the quality factor of 1 500. 

On the other hand, at the time of impression of electric excitation, the resonance in a cavity becomes an 
invalid. When an internal quality factor is close to 100, a response spectrum is computed as shown in 
drawing 3 1 A and 3 IB using the approach of Hamilton mentioned above. Drawing 3 1 A and 3 IB show the 
reflection and the transmission spectrum at the time of "OFF" condition of the change-over modulator 
structure shown in drawing 29 A and 29B which were normalized. Transmission is tumed OFF nearly 
completely and most signals are reflected in coincidence. Therefore, this device enables the change-over 
between transmission and reflection. 

It succeeds in the above-mentioned explanation in order to illustrate this invention, and it does not mean 
imposing limitation. For a certain reason, the range of this invention should be limited by only an attached 
claim and its equivalent that this contractor hits on an idea of deformation of the above-mentioned operation 
gestalt which incorporated the pneuma and parenchyma of this invention. 
The following is charged. : 

[Translation done.] 
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WRITTEN AMENDMENT 



[Procedure revision] 

[Filing Date] December 28, Heisei 1 1 (1999. 12.28) 

[Proposed Amendment] 

CLAIMS 

1. It is Electromagnetic-Field Frequency Filter, 

A signal with at least one frequency containing at least one frequency of choice is transmitted. 
The input guided wave guide to carry out. 
Output guided wave guide, 

It is combined between said input guided wave guide and an output guided wave guide, and is said at least 
one. 

While transmitting a ****** frequency to said output guided wave guide, it is said input guided wave guide. 

The resonator system which enables transmission of the non-wishing frequency along which it passes. 

Said resonator system is symmetrical and opposite ** mutually while two or more resonators are included. 
Prescribing two system modes that there is nothing, this system mode is said resonator. 
A part of combination of the linearity of resonance mode is constituted. 

For the above-mentioned resonator system, at least two resonator modes are the same cycles substantially. 
The electromagnetic-field frequency filter constituted so that it may have a number. 

2. In Filter According to Claim 1, 

It turns to said guided wave guide, and said at least two system modes are real ******. 

The electromagnetic-field frequency filter constituted so that it may have the energy dissipation rate of 1 . 

3. In Filter According to Claim 1, 

Said at least two system modes are the above-mentioned input and output guided wave guide ****. 
The electromagnetic-field frequency filter which dissipates at the energy dissipation rate same in **** 
operation. 

4. In Filter According to Claim 1, 

Said system mode is electromagnetic field which dissipate at the same energy dissipation rate substantially. 
Frequency filter. 

5. In Filter According to Claim 1, 

Said at least two system modes are ** system mode and a ** system. 
The electromagnetic-field frequency filter containing the mode. 

6. In Filter According to Claim 1, 

Said resonator system is constituted by changing a gestalt or a refractive index. 
Electromagnetic-field frequency filter. 

7. In Filter According to Claim 1 , 

Said resonator system is at least one by which direct coupling is carried out to said input guided wave guide. 

The electromagnetic-field frequency filter containing a ****** subelement. 

8. In Filter According to Claim 7, 

Said resonator system is at least one by which direct coupling is carried out to said output guided wave 
guide. 

The electromagnetic-field frequency filter containing a ****** subelement. 

9. In Filter According to Claim 7, 
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Said resonator system is said input although direct coupHng is carried out to said external subelement. 

** containing at least one internal subelement by which direct coupling is not carried out to a guided wave 

guide 

Field frequency filter. 

1 0. In Filter According to Claim 1 , 

Said resonator systems are the electromagnetic field containing a photograph nick crystal resonator system. 
Frequency filter. 

1 1. In Filter According to Claim 10, 

Said photograph nick crystal resonator systems are at least two single modes. 
The electromagnetic-field fi'equency filter which has a cavity. 

12. In Filter According to Claim 10, 

Said photograph nick crystal resonator system is the opposite mode at two symmetry. 
The electromagnetic-field fi-equency filter containing at least one cavity which it has. 

13. In Filter According to Claim 10, 

Said photograph nick crystal resonator system is at least one cavity. 

Electromagnetic-field fi-equency FU including periodic dielectric structure including at least one defect to 

specify 

IRUTA. 

14. In Filter According to Claim 10, 

Said photograph nick crystal resonator system and said two or more guided wave guides, 
The electromagnetic-field frequency filter currently united with single photograph nick crystal. 

15. In Filter According to Claim 10, 

Said at least two system modes are real ****** which faces to the above-mentioned guided wave guide. 
The electromagnetic-field frequency filter which has the energy dissipation rate of 1 . 

1 6. In Filter According to Claim 1 0, 

Are said at least two system modes ** at each input and an output guided wave guide? 

The electromagnetic-field frequency filter which dissipates at the same energy dissipation rate substantially. 

1 7. In Filter According to Claim 1 0, 

Said system mode dissipates in the same energy dissipation rate substantially. 
Electromagnetic-field frequency filter. 

18. In Filter According to Claim 10, 

Said at least two system modes are ** system mode and a ** system mho. 
The electromagnetic-field fi*equency filter containing DO. 

19. In Filter According to Claim 1, 

Said resonator systems are at least two resonators, and are said input guided wave guys. 

The resonator by which direct coupling is carried out while direct coupling is carried out by the same 

integrated state as DO 

Implication, 

Said at least two resonators are 1 in the frequency of choice, and the circumference of it, respectively. 
The electromagnetic-field frequency filter which supports the resonance mode of only **. 

20. In Filter According to Claim 1 9, 

It turns to said guided wave guide, and said at least two system modes are real ******. 
The electromagnetic-field frequency filter which has the energy dissipation rate of 1. 

2 1 . In Filter According to Claim 1 9, 

Said at least two system modes are to said each input and an output guided wave guide. 

Philharmonic an electromagnetic-field frequency who turns and dissipates in the same energy dissipation 

rate substantially 

TA. 

22. In Filter According to Claim 19, 

Said system mode dissipates in the same energy dissipation rate substantially. 
Electromagnetic-field frequency filter. 

23. In Filter According to Claim 19, 

Said at least two system modes are ** system mode and a ** system mho. 
The electromagnetic-field frequency filter containing DO, 

24. It is Electromagnetic-Field Frequency Filter, 

A signal with at least one frequency containing at least one frequency of choice is transmitted. 
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The input guided wave guide to carry out. 
Output guided wave guide, 

It is combined between said input guided wave guide and an output guided wave guide, and is said resonator 
system. 

** — the frequency which he does not wish according to change of the internal damping rate of one 
resonator even if few ~ before 

It transmits during an entry force guided wave guide, and is said output guided wave about said at least one 
frequency of choice. 

The resonator system transmitted to a guide. 

Said resonator system is symmetrical and opposite ** mutually while two or more resonators are included. 
Prescribing two system modes that there is nothing, this system mode is said resonator. 
A part of combination of the linearity of resonance mode is constituted. 

The above-mentioned resonator systems are at least two resonator MO, when said transfer takes place. 
Philharmonic an electromagnetic-field frequency constituted so that - DO may have the same frequency 
substantially 
TA. 

25. In Filter According to Claim 24, 

Said internal damping rate of said at least one resonator is ** of said resonator system. 
The electromagnetic-field frequency filter which changes by changing ******. 

26. In Filter According to Claim 24, 

Said internal damping rate of said at least one resonator is electric, optical, or an opportunity. 
The electromagnetic-field frequency filter changed by the **-means. 

27. In Filter According to Claim 24, 

The above-mentioned input guided wave guide has input port and an output port. 

Said output guided wave guide has an advance port and a go-astern port. 

Said frequency of choice of said internal damping rate of said at least one resonator is four. 

The electromagnetic-field cycle which changes in order to offer the alternative switching which goes to one 

of the ports 

Number filter. 

28. In Filter According to Claim 24, 

Said input guided wave guide has input port and an output port. 

Said output guided wave guide has an advance port and a go-astem port. 

Said frequency of choice of said internal damping rate of said at least one resonator is four. 

The electromagnetic-field frequency which changes in order to offer the alternative split which goes to one 

of the ports 

Filter. 

29. In Filter According to Claim 24, 

Said input guided wave guide has input port and an output port, 

Said output guided wave guide has an advance port and a go-astem port, 

Said frequency of choice of said internal damping rate of said at least one resonator is four. 

It is in order to offer the alternative time amount change switching which goes to one of the ports. 

The changing electromagnetic-field frequency filter. 

30. In Filter According to Claim 24, 

Said input guided wave guide has input port and an output port. 

Said output guided wave guide has an advance port and a go-astem port. 

Said frequency of choice of said internal damping rate of said at least one resonator is four. 

Strange in time, in order to offer the alternative time amount change split which goes to one of the ports 

The changing electromagnetic-field frequency filter. 

3 1 . In Filter According to Claim 24, 

Said resonator systems are electromagnetic field which are photograph nick crystal resonator systems. 
Frequency filter. 

32. In Filter According to Claim 3 1 , 

Said internal damping rate of said at least one resonator is ** of said resonator system. 
The electromagnetic-field frequency filter which changes by changing ******. 

33. In Filter According to Claim 3 1 , 
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Said internal damping rate of said at least one resonator is electric, optical, or an opportunity. 
The electromagnetic-field frequency filter changed by the **-means. 

34. In Filter According to Claim 24, 

Said resonator systems are at least two resonators, and are said input guided wave guys. 

The resonator by which direct coupling is carried out while direct coupling is carried out by the same 

integrated state as DO 

Implication, 

Said at least two resonators are 1 in the frequency of choice, and the circumference of it, respectively. 
The electromagnetic-field frequency filter which supports the resonance mode of only **. 

35. In Filter According to Claim 34, 

Said internal damping rate of said at least one resonator is ** of said resonator system. 
The electromagnetic-field frequency filter which changes by changing ******. 

36. In Filter According to Claim 34, 

Said internal damping rate of said at least one resonator is electric, optical, or an opportunity. 
The electromagnetic-field frequency filter changed by the **-means. 

37. It is Electromagnetic-Field Frequency Filter, 

it has input port and an output port, and at least one frequency of choice is included — **** 
The guided wave guide which accepts the signal in which ** has one frequency. 

Even if it is prepared between said input guided wave in said guided wave guide, and an output port and is 
few 

It responds to change of the intemal damping rate of one resonator, and is said at least one frequency of 
choice. 

It has the resonator system transmitted to said output port, 

Said resonator system is an electromagnetic-field frequency which specifies at least one resonance mode. 
Filter. 

38. In Filter According to Claim 37, 

Said intemal damping rate of said at least one resonator is ** of said resonator system. 
The electromagnetic-field frequency filter which changes by changing ******. 

39. In Filter According to Claim 37, 

Said intemal damping rate of said at least one resonator is electric, optical, or an opportunity. 
The electromagnetic-field frequency filter changed by the **-means. 

40. In Filter According to Claim 37, 

Said intemal damping rate of said at least one resonator is said input port and a front. 

Strange in order to offer alternative switching of said frequency of choice which goes to an account output 

port 

The changing electromagnetic-field frequency filter. 

41 . In Filter According to Claim 37, 

Said intemal damping rate of said at least one resonator is changing, and is close [ said ]. 

It is ** about the altemative split of said frequency of choice which goes to a force port and said output port. 

The electromagnetic-field frequency filter to offer. 

42. In Filter According to Claim 37, 

Said intemal damping rate of said at least one resonator is close [ of said frequency of choice / said ]. 
The altemative time amount change switching between a force port and said output port is offered. 
The electromagnetic-field frequency filter which changes to a sake in time. 

43. In Filter According to Claim 37, 

Said intemal damping rate of said at least one resonator is close [ of said frequency of choice / said ]. 
** which offers the altemative time amount change split between a force port and said output port 
The electromagnetic-field frequency filter which changes to ** in time. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/5/2006 



